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EFFECT DI- AND TRIETHANOLAMINE THE AUTOXIDATION FATS 


Chair Biochemistry, the Erevan Zooveterinary Institute 


According Bunatyan [1] choline itself does not influence the oxidation fats but forms fairly power- 
ful pro-oxidant system conjunction with copper Our investigations have shown that another nitrogenous 
phosphatide base, colamine (ethanolamine), antioxidant autoxidation fats, while conjunction with 
copper forms pro-oxidant system, much more powerful than choline copper. 


other experiments has been shown that combination colamine and ascorbic acid powerful 


antioxidant autoxidation fats and, which very important, strongly suppresses the pro- oxidant action 
the colamine copper 


were unable find any information the literature the effects di- and triethanolamine the 
autoxidation fats, although these substances are very close colamine structure and can formed from it. 


was therefore decided investigate the action di- and triethanolamines the autoxidation fats 
and vatamin both separately and the presence copper and ascorbic acid. 


METHOD 


The investigations were carried out with fats both animal and vegetable Flasks 250 
volume were used; bubbles oxygen were passed through the contents each daily for seconds, the flasks 
were then shaken and kept closed 32°, After definite time intervals samples were taken from flask for deter- 
minations peroxides, vitamin and acid number, The end the induction period was determined from the 
rapid increase peroxide number and acid number, and also the disappearance carotinoids and vitamin 
which decompose and vanish completely ‘by the end the induction 


For comparison with the effects di- and triethanolamine the autoxidation fats, experiments with 
colamine were also carried out. 


Copper was used the form The constants the colamine corresponded the chemically 
pure product The constants di- and triethanolamine also corresponded 


The amount colamine used was per fat; di- and triethanolamine were 


used amounts molecularly equivalent this; ascorbic acid and copper were taken each 


The peroxide and ‘acid numbers and vatamin were determined methods described previously 


The first experiments were carried out with fish oil and butter. Before the experiments the peroxide number 
the fish oil was 0.4, the acid number 0.3. The refractive index 20° was 


The results the experiments with fish oil, shown Table indicate that, our earlier 
colamine itself acts antioxidant, while conjunction with copper forms powerful pro-oxidant system, 


The correct values would seem 61, 105 and 149 Translator. 
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Di- and triethanolamine have rather 


TABLE 


Substances taken 


Fish oil 


colamine 


+Cu+AA 


triethanolamine 
triethanolamine 


colamine ascorbic acid for the same 


butter than the case fish 
periments with butter. 


fore. 


oil, the oxidation fish oil, di- 


system the oxidation fats. 


with copper they also form pro-oxidant systems, although weaker than the system colamine copper. 


Action Amines Autoxidation Fish Oil 


Acid 


+diethanolamine+Cu+AA 


+triethanolamine+Cu+A 


interesting fact that ascorbic acid considerably inhibits the oxidation fish oil samples con- 
taining copper. Thus, while the control the peroxide number reached 9,7 days, samples with 


addition fish oil, butter was also used this first group experiments. 


conjunction with the amine copper system has much stronger inhibiting effect autoxidation the case 


The subsequent experiments were carried out with cottonseed oil. The experimental procedure was be- 


The results are shown Table 


Table shows that this case also all the amines themselves considerably inhibit autoxidation fats, 
while conjunction with copper ions they form powerful pro-oxidant systems, the oxidation 


mine, Ascorbic acid intensifies the antioxidant properties 


interesting note that ascorbic acid strongly suppresses the antioxidant action the amine copper 


results lead the conclusions summarized below. 


stronger antioxidant effect than colamine fish oil, but conjunction 


Vitamin 


number number 


incubation time (days) 


9.6) 

0.6) 


period was 1.8; with diethanolamine ascorbic acid was 


largely similar the resuits for fish However, ascorbic acid 


differences were found the antioxidant effects the amines the ex- 


and triethanolamine have rather stronger antioxidant effect than cola- 
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TABLE 


Action Di- and Triethanolamine Autoxidation Butter 


Peroxide numb 
number 
number Vitamin 


Substances incubation time (days) 


Butter 0.15 
+Cu 0.6 0.2 
0.2 

colamine 0.1 


diethanolamine 0.2 


diethanolamine 
Cu+ 

triethanolamine 

triethanolamine 


triethanolamine 


triethanolamine 
+Cu+AA 0.25 


TABLE 
Action Di- and Triethanolamine Autoxidation Cottonseed Oil 


Peroxide number Acid number 


Substances taken incubation time (days) 


Cottonseed oil 
+AA 
+Cu+AA 
colamine 
colamine 
diethanolamine 
diethanolamine 
diethanolamine 
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+diethanolamine+Cu+A 


triethanolamine 
triethanolamine 
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+triethanolamine+AA 
triethanolamine 
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SUMMARY 


was found earlier investigations, colamine itself has antioxidant effect the autoxidation 
fats, but conjunction with copper forms powerful pro- oxidant system. 


Di- and triethanolamine, like colamine, themselves have antioxidant effect, but conjunction 
with copper they form pro-oxidant systems. The antioxidant action di- and triethanolamine more pro- 
nounced than that colamine, while the pro-oxidant effect greater the system colamine copper, es- 
pecially the oxidation butter and fish oil, 


Ascorbic acid intensifies the antioxidant action the amines themselves and strongly suppresses the pro- 
oxidant influence the system amine copper the autoxidation both butter and cottonseed oil. 


Thus may assumed that antioxidant properties depend the number ethanol groups, while the 
formation pro-oxidant system with copper depends the presence free amino group. 


Received February 25, 1955 


LITERATURE CITED 
Kamalyan, Trudy In-ta Fiziology, Akad. Nauk 1,181 (1948). 
Kamalyan, Doklady Akad. Nauk. Arm. SSR, (1948). 
[4] Bunyatyan, and Kamalyan, V., Biokhimiya, 13, 109 (1948), 


| 
| 
in 
7 

| 

hg 

\ 
Jt 

ay 
‘a 


EFFECT THE TEMPERATURE AND DURATION MEAT STORAGE THE 


PHYSICO-CHEMICAL PROPERTIES ITS SALT-SOLUBLE PROTEIN 
Sizov 


Institute Biological Physics, Academy Sciences USSR, Moscow 


view the fact that considerable physico-chemical changes associated with autolysis processes occur 
the temperature which meat usually (4°), was desired determine the influence these 
processes the properties myosin, fine whether analogous changes occur frozen meat, and so, 
determine how they differ from the The solubility and anomalous viscosity were taken measures 


these changes, and the enzymatic activity was also determined. information available the literature 
variations the latter two values during storage meat, 


METHOD 


Rabbit meat was stored carcass form refrigerator the first series experiments (A) and 
the second series experiments series experiments with three animals) the meat was in- 
vestigated after days, and series experiments with four animals), after and days. the end 
these intervals the meat was treated the temperature melting ice; myosin was extracted with cold salt 
solution (0.5 0.3 for minutes and reprecipitated twice dilution with water. The salt 
solution myosin was diluted concentration 0.05 nitrogen per determine the adenosine 
triphosphatase activity; solution containing 1.0 myosin (dry weight) per was used for anomalous vis- 
cosity determination. The dry weight myosin was determined the method described Szent-Gyorgyi 


The amounts extracted myosin, its enzymatic activity, and anomalous viscosity, determined immediately 
after the animals were killed, are taken 100 the tables this 


was found the course the investigation that the amount soluble myosin varies sharply according 
the duration and conditions storage the meat after death. Since the salt solubility protein 
ted with its physico-chemical state, this value was included among those determined. 


EXPERIMENTAL 


The data the amounts myosinobtained are shown Table 


The adenosine triphosphatase activity was determined the methods described Lyubimova and Engel- 
gardt [2], and Meshkova and Severin [3], The data variations enzyme activity are shown 


ae 


Anomalous viscosity was determined means the Rubinshtein viscosimeter [4]. our experiments 
the product the pressure and the displacement time the meniscus began increase sharply pressures 
about 70-80 water The anomalous viscosity was characterized the ratio this product 
column the value 200 water column, The results are shown Table 


These numerical data only reflect the degree ascent the curve the minimum pressure 
water column. 


These results were obtained Kalamkarova, whom are grateful. 
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TABLE 


Amount Myosin Obtained From Rabbit Meat Relation Storage Conditions. 


Experiment immedi- 
ately after after Experiment ately after after 
1.8 1.0 7&8 12.3 20.0 
Average. 1.6 0.6 Average 15.8 18.6 


For native protein obtained immediately after death the average for several experiments was cal- 
culated from Kalamkarova's data, 
TABLE 
Adenosine Triphosphatase Activity Myosin From Rabbit Meat Relation Storage 
tion, 


Experiment |immedi- immedi- 
after after Experiment ately after after 


1&2 4.8 76.3* 53.0 


Average 85.0 35.3 
verage, 100.0 30.3 


Average, 


From Kalamkarova's data, 
From the author's own data. 


nt 
Average 58.6 18.7 8.8 
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TABLE 


Variation Anomalous (Structural) Viscosity Myosin from Rabbit Meat Relation Storage Con- 


Concentration weight) per solution Temperature 18- 20° 


Series Series 


after after after after 
alter days days after 


1&2 280* 201 147 
210 147 
250* 118 


Average 265 176 147 Average 


Average, 100 66.4 55.3 Average, 


The changes anomalous viscosity not follow course with decrease enzyme activity; vis- 


cosity increase begins higher pressure and more gradual, 


DISCUSSION RESULTS 


The theoretically unexpected nature some the results obtained requires that they should compared 
with availabe literature data. The first effect which might give cause doubt the rapid fall the amount 
soluble myosin when meat stored 4°, However, similar results have been obtained other authors [1], who 
found that the solubility proteins the actomyosin fraction decreased almost fourfold two days, Ac- 
cording Kasavina actomyosin could extracted from meat after prolonged storage both low and 
room temperatures, but myosin could not obtained. our experiments, however, myosin was extracted 
considerable amounts from frozen meat. 


Further, might seem improbable that the amount myosin extracted from meat after prolonged storage 
the frozen state days) greater than the amount obtained after shorter storage period days) (Table 1). 
However, confirmation this fact can also found the literature [5]. 


[7] considered that the decrease protein solubility was due its passage into the 
caused change the state the protein when the shifted into the acid region owing accumulation 
lactic acid. This refuted, however, the fact that muscle rigor first develops and then disappears after 
death even lactic acid formed, must added that the concept not now universally 
Thus, the conversion protein the actomyosin fraction into the insoluble state must distin- 
guished from rigor. This follows from the fact that meat attains tender consistency result the "ripen- 
process, not after 24-48 hours, when the conversion into the insoluble state more less com- 
plete, but much later. According these protein changes occur because the cessation 
oxygen access the muscles, According his data, muscle plasma proteins are present the form salts 

alkali and alkaline earth metals (proteinates). 


The question then arises, what are the changes undergone the enzyme activity the protein during 
processes which affect significantly its structure and physico-chemical properties? seen from comparison 
Tables and that the myosin passes into the insoluble state the enzyme activity decreases. However, 
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these changes are not strictly parallel. The slight amounts myosin which could still extracted Series 
after days (2.2%) retained 15% the activity. Series the myosin yield after days fell 58.5%, 
the enzyme activity fell 41.5%, and while the yield rose 68.9% after days the enzyme activity con- 
tinued decrease, reaching This suggests that the enzyme activity not directly related the 
physico-chemical conditions the myosin molecule which determine its the results Series 
are examined this light, possible that myosin molecules which have still retained their enzyme activity 
may pass into the insoluble state. 


With regard the anomalous viscosity, comparison Tables and that Series the re- 
lative change (in the enzyme activity after days was double the relative change anomalous viscosity 
(30.3 and and Series after days was almost treble (15.0: 55.3). Thus, the anomalous viscosity 
which characterizes structure the molecule whole, changes much less than the enzyme activity. 


sum_ up, may said that conditions under consideration the solubility the salt-soluble frac- 
tion rabbit protein shows the most rapid decrease (although increases again frozen meat after 
several enzyme activity falls more slowly, and the anomalous viscosity the most stable. 


temperatures above zero all these changes are more prominent. 


SUMMARY 


The changes myosin when rabbit meat kept the usual temperature for meat (4°) and 
frozen meat have been studied. 


After days storage above zero the average myosin yield 5.9%, and after storage the frozen 
state the yield from fresh This means that myosin converted into the insoluble state 
the frozen condition but the process times slow temperatures above zero. 


The deviation even greater after longer storage. The yield myosin above zero drops negligible 
values, sometimes zero, while for frozen meat after days the yield 68.9% the yield from fresh meat. 


The anomalous viscosity also shows general decrease. The decrease greater above zero temperature. 


comparison the rates change the three values studied shows that the solubility decreases the 
most rapidly, the ATP activity more slowly, and the anomalous viscosity more slowly still. 


The results suggest that the properties question are related different structural elements the myo- 
sin molecule, 
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THE MECHANISM THE ACTION DIAMINE OXIDASE (HISTAMINASE) 
Goryachenkova 


Nitrogen Metabolism Laboratory, Institute Biological and Medical Chemistry, Academy Medical Sciences 


USSR, Moscow 


The principal role the physiological inactivation histamine and other toxic diamines the animal 
organism played the enzyme diamine oxidase (DO) which destroys these amines oxidative desamination 
The nature the active groups has remained There have been reports the participa- 
tion flavin [3] pyridoxal [4, coenzyme the action DO, but both views have been challenged 
our previous paper was shown that dinucleotide (FAD) and phosphopyridoxal (PP) 
participate simultaneously oxidative desamination histamine and other diamines DO. the light 
these results the mechanism the enzymatic oxidation diamines becomes particular Suggestions 
the possible mechanism the action have been put forward several authors the basis in- 
direct indications the presence carbonyl group and participation the flavin cofactor the 
oxidation histamine and diamines, 


According Zeller when acts diamines, the first reaction the enzyme- substrate complex 
transfer hydrogen from the substrate the group the enzyme; hydrogen atoms, situtated the 
and atoms the substrate combine with the group and reduce alcohol group, The 
latter dehydrogenated the flavin group the enzyme (FAD) form leucoflavin (dihydro FAD) which 
oxidized atmospheric oxygen the oxidized form FAD,and The amine 
regrouped into imine, which hydrolyzes spontaneously form aldehyde and ammonia 


the assumption that pyridoxal participate the action DO, Werle and also Braunshtein 
and Shemyakin [7] admit the possibility direct desamination histamine through transamination stage. 
According the scheme proposed these authors, the first stage the desamination diamines transamina- 
tion between diamines and pyridoxal protein with formation the corresponding aminoaldehyde and pyridoxal- 
amino protein, the second stage the reaction the latter oxidized with participation FAD hydrogen 
and are formed and the aldehyde form restored (see Scheme 


Werle [4] also gives scheme for another possible route diamine oxidation DO, which pyridoxamino 
protein not formed product. According this hypothesis, direct dehydrogenation the 
Schiff base (azomethin takes place transfer the hydrogen atoms situated the and position FAD, 
followed hydrolysis the unsaturated azomethin II, shown Scheme 


order verify the possiblity transamination, according Scheme forming part the desamina- 


tion diamines, attempted separate the reaction diamine oxidation under the action into stages, 
and investigate: 


the possiblity enzymatic transfer groups diamines a-keto acids, pyroxidal, phospho- 
pyroxidal (model the first oxidation stage diamines according Scheme I), and 


the possiblity oxidative desamination pyridoxamine and phosphopyridoxamine with participation 
(model the second stage Scheme I). 
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a 


tautomeric 


azomethin 


+enzyme -CH=O 


+enzyme 


+H,0,+0, 


Scheme Oxidation diamines indirect desamination 


R—CH=CH—N 
enzyme 


azomethin azomethin 


Scheme I1, Oxidation diamines dehydrogenation azomethin (enzyme ~substrate complex) [4]. 


For the formation complexes the azomethin type oxidative desamination 
diamines, shown Schemes and necessary condition the presence free amino groups the di- 
amines, According Zeller, cited Blaschko [8] methylation the group putrescine does not prevent 
oxidative desamination, This not agreement with the role azomethines intermediate products the 
enzymatic desamination diamines, therefore also studied the oxidative 
hexamethylenediamine preparations from red clover seedlings. 


EXPERIMENTAL 


Synthesis the Reagents and Investigation Methods 


The preparation NN'-dimethylhexamethylenediamine was carried out the method worked out 
Keil for the preparation dimethylputrescine, 


40% aqueous formaldehyde solution, 200 anhydrous and 100 was then The flask 
was then heated (in the reaction mixture) and held that temperature for After cooling, 
150 H,O was added the gelatinous mass followed concentrated NaOH solution red color with 
The precipitated Ca(OH), was filtered off, and the filtrate was extracted with two portions 
chloroform, The chloroform layer was washed with water separating funnel and the diamine was extracted 
dilute The hydrochloric acid solution was evaporated porcelain basin water bath thick 
syrup, from which hydrochloride crystallized after standing the cold, 
The yield was 75% the theoretical. 
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Total 

Mo, wt. 217 13,3 12.9 
Free amino 
(Van Slyke) 0.4 


The phosphopyridoxal (Mg salt), pyridoxal (hydrochloride), pyridoxamine (hydrochloride), and phosphopyridox- 


amine (dihydrochloride) were synthesized our laboratory Braunshtein and Azarkh the methods 
Viscontini and 


the experiments transamination and oxidation diamines purified preparations were used, ob- 
tained from pig kidneys and from 6-day clover soybean seedlings [6], The action from clover seedlings 
and also the oxidation pyridoxamine and phosphopyridoxamine 
preparations, were studied aerobic conditions the absorption oxygen Warburg's apparatus, and 
the formation ammonia (or volatile amine), determined vacuum distillation Archibald's method [10] 
followed nesslerization, The conversion diamines the transamination methods was controlled paper 
chromatography, with water-saturated phenol propanol NH,OH the mobile phase. The chromatograms 


were developed solutions ninhydrin diazotized sulfanilic acid. Histamine was determined Tabor's 
method [11]. 


EXPERIMEN TAL RESULTS 


The results experiments which oxidative desamination our synthetic DMHD purified prepara- 
tions from clover seedlings was shown Table and the Figure, 


The oxygen consumption the action 
DMHD was slight: the experiment question 
Action Diamino Oxidase from Clover Seedlings was sample containing DMHD 
Hexamethylenediamine and Its Derivative incubation for During the same time 
1.75 NHg was formed, the same conditions 
the sample with hexamethylenediamine (30 
was absorbed and 13.9 formed, 
that about half the substrate was oxidized. 
should noted that the experiment with the 
methylated substrate absorption was complete 
consumption NHg formation minutes, while oxidation the free diamine con- 
tinued for over hours (see Figure), 


TABLE 


Experimental conditions, Composition samples; 
15, 7,2), Total volume sample ml. 
Incubation atmosphere for hours 37°, 


The low consumption and the liberation 
volatile amine the experiment with 
DMHD may attributed the presence incom- 
DMHD 1.40 pletely diamine our compound, Deter- 

minations means the Van Slyke nitrite method 
showed that contained about 0.40% free NH, 


hexamethylenediamine the 


enediamine 


The formation 1.75 from the methylated substrate almost exactly corresponds 
plete removal the non- methylated amino out 6%). 


The above results show that methylation both amino groups hexamethylenediamine prevents its 
oxidative desamination, 
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Investigation the Possibility 
Enzymatic Transamination Diamines 


the Action 


studies reactions between histamine hexa- 


methylenediamine and compounds containing groups 
presence DO, ketoglutaric and pyruvic acids, pyri- 
doxal, and phosphopyridoxal were used acceptors the 


diamine amino groups, 


the experimental portions ml) 
were added quantities, keto acids 10-30 
quantitites, and pyridoxal and phosphopyridoxal 

products, the experimental samples were incubated 

Warburg vessels atmosphere previously passed 
through heated copper turnings. Complete removal 


Oxidation hexamethylenediamine and its 
derivative diamino oxidase from clover 
enediamine; DMHD. 


oxygen from the gas space was confirmed manometrically 
(absence gas absorption) and also the non- formation 
from the diamines, ensure completely anaerobic 


conditions, peice yellow phosphorus was put into the 
central tube the vessels some experiments. Paralle] 
determinations were made the activity the preparations oxidation diamines aerobic 


The results are summarized Table When hexamethylenediamine was incubated with keto- 
glutaric pyruvic acid the presence plant origin, glutamic acid alanine could detected 
the chromatograms, ammonia was found the samples after incubation, experiments under 
aerobic conditions rapid oxidation hexamethylenediamine took place, accompanied formation 10-25 
ammonia per sample (Table subsequent investigations, the reactions histamine with keto acids, 
pyridoxal, and phosphopyridoxal the presence plant and animal origin were studied under the same 
conditions, The course histamine conversion was followed the decrease its content during incubation, 
and also the formation alanine, glutamic acid, pyridoxamine and phosphopyridoxamine, determined chro- 
matographically filtrates. 


The results Table show that there was loss histamine during incubation with purified pre- 
parations under strictly anaerobic conditions. most experiments the addition keto acids concentrations 
exceeding the diamine concentration resulted appreciable loss Addition pyridoxal 
equivalent concentrations produced greater loss The greatest loss was found addition 
phosphopyridoxal, histamine per sample was lost. The same amounts histamine were 
oxidized experiments aerobic conditions, 


However, chromatographic data showed that loss histamine anaerobic conditions was not accompanied 
formation alanine glutamic acid when keto acids were added, formation pyridoxamine and phos- 
phopyridoxamine when vitamin derivatives were added, The chromatograms from samples containing keto- 
glutaric acid, pyridoxal, and contained new spots, which gave positive diazo reaction with sulfanilic 

was found that approximately the same loss histamine occurs incubation with pyridoxal absence 
DO. can explained the ability histamine combine with pyridoxal and non-enzymatic 
route form Schiff bases and cyclic compounds The latter are not colored diazotized solution 
p-nitroaniline the conditions the method used for histamine determination but are found the chroma- 
tograms the form spots which are colored the action diazotized.solution sulfanilic acid. These 
spots have the same color intensity and positions both presence and absence 


From these results may concluded that the experimental conditions used purified preparations 
animal and plant origin cannot effect transfer amino groups from histamine and hexamethylenediamine 


/ 
/ 
160 
120 
/ 
42 
} 
hay 
396 
20 


TABLE 


Reactions Diamines With Keto Acids, Pyridoxal, and Presence Diamino Oxidase Animal 
and Plant Origin 


Experimental Composition samples; solution ml, diamines 5-10 keto acids 
10-30 pyridoxal and Phosphate buffer (M/15, total volume 2-2.5 


Formation 


Chromatograms per sample 
Enzyme and substrate 
atmosphere 
glu- 
taric additions 
from clover 


Histamine loss, per sample 


Enzyme and substrate diti 
anaerobic conditions 
(histamine) 
additions taric doxal addition 


from clover seedlings 
from pig kidneys 


Oxidative Desamination Pyridoxamine and Phosphopyridoxamine 


The possibility oxidative deamination pyridoxamine and phosphopyridoxamine preparations 
animal and plant origin was studied conditions which considerable oxidation histamine took: place 
(at substrate content samples; incubation time these conditions clear oxidation 
phosphopyridoxamine took place. However, more prolonged incubation the experimental 
samples with (4-5 hours) and higher substrate concentrations (8-9 per sample) some consumption 
oxygen took place presence The consumption was greater presence phospho- 
pyridoxamine and pyridoxamine was accompanied ammonia The experimental results 
show that these amines are oxidized much more slowly than histamine and aliphatic amines. 


DISCUSSION 


Our experimental results showed that methylation both amino groups hexamethylenediamine prevents 
its oxidation plant origin, This indirect confirmation the role azomethins intermediate pro- 
ducts the action diamines, methylation free groups diamines prevents their condensation 
azomethins with the carbonyl groups DO, Therefore Zeller's proposed mechanism the action DQ, 

which formation azomethins avoided, not justified, especially consider the tendency enzymes 
form compounds this type with groups substrates, 
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TABLE 


Oxidative Desamination Diamines Purified Diamino Oxidase Preparations Animal and Plant 
Origin 

The oxidation measured terms and per incubated sample, Sample composi- 
tion: purified solution, substrates; histamine, pyridoxamine, and phosphopyridoxamine 
8-9 phosphate buffer M/15, Total volume ml, Incubation atmosphere 
37° for 3-5 hours, 


Phosphopyri- 
Enzyme 
from plant seedlings 10.5 
from pig kidneys 2.3 
1.9 
2.2 
4.0 


Postive results confirmation this hypothesis were not obtained study the possible participation 
transamination reactions the action diamines, However, our results not exclude the possibility 
transfer substrate amino group the group intermediate stage the enzyme reaction. our 
investigations model systems were used, which the acceptors groups from diamines were a-keto acids 
and free pyridoxal and The only group acceptor the first stage the enzyme reaction 
(if the action follows Scheme must the undissociated protein (the molecule), The possibility 
not excluded that this protein, contrast free PP, may participate transamination reactions with the 
substrates, 


For the same reason our investigations the oxidation pyridoxamine and phosphopyridoxamine are model 
experiments, Their relatively low rate oxidation preparations does not contradict the mechanism the 
second stage the enzyme process Scheme According this scheme, the substrate for oxidative desamina- 
tion natural conditions the amino form (phosphopyridoxamine- protein), Oxidation this protein with 
participation the flavin groups the enzyme may much more rapid than oxidation the free amino de- 
rivatives vitamin used our experiments, 


also quite possible that oxidation diamines under the action occurs without intermediate 
formation phosphopyridoxamine- protein, accordance with Scheme II, not possible the basis 
our results choose between Schemes and for the mechanism 


SUMMARY 


Methylation both amino groups hexamethylenediamine prevents its oxidative desamination 
preparations plant origin. transamination between diamines (histamine and hexamethylenediamine) and 
keto acids, pyridoxal, phosphopyridoxal was observed purified preparations from seedlings leguminous 
plants pig kidneys. Non-enzymatic condensation histamine with pyridoxal and phosphopyridoxal takes 
place under these conditions. 


Free pyridoxamine and phosphopyridoxamine undergo slow enzymatic oxidation presence purified 
preparations, 
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THE NATURE CHLOROPLAST PROTEINS 


Bakh Institute Biochemistry, Academy Sciences the USSR 


The study the nature chloroplast proteins exceptional interest the determination the 
enzymatic properties plastids well the participation the latter the metabolism, particularly the 
processes photosynthesis. 


The investigations chloroplast proteins may separated into two groups, One group authors iso- 
lated and studied the complexes; Smith [1,2], Fishman [3], Takashima [4], the other group 
concerned itself with the protein component this complex only: Menke [5], Stoll and Wiedemann [6], 
Osipova [7, 8], Sisakyan 


Chloroplast proteins exhibit exceptionally high ability form complexes, They interact actively 
with lipids, pigments, nucleic acids, salts and numerous other substances. This leads the formation com- 
plexes which the protein and portions are linked with bonds that vary The variety 


linkages hampers the isolation individual proteins, apparently for this reason that 80% the chloro- 
plast proteins were considered insoluble water, acids and alkalis (Menke Therefore, very drastic 
method was used until recently for the isolation chloroplast proteins: heating 50° the presence 60% 
alcohol and NaOH, The protein yield under these conditions was 20-30%, 


The method applied our laboratory for the isolation lipoproteins extracting with 77% al- 
cohol acidified [9] also has its shortcomings. 


The technical difficulties encountered the isolation the individual protein chloroplasts are ap- 
parently the reason that this protein has not yet been obtained the pure state and that its nature and mole- 
cular weight still remain unknown, 


demonstrated previously [9] that the protein complex obtained under our conditions 
phoresis from chloroplasts the sugar beet, complex system the various components which 
ated 


Methods Protein Isolation From Chloroplasts 


The basic principle underlying our methods consists preliminary disruption the bonds linking the 
protein pigments and substances lipid nature, and the subsequent extraction the protein with buffer 
solution, For the breaking these bonds used n-butyl alcohol and acetone. the first instance essenti- 
ally followed the method Morton [11] which demonstrated its own merits the isolation catalytic proteins, 
which retained very high enzyme activity although associated with other structures [12], This method has 


never been applied plant tissues, has been previously used for the isolation proteins from fresh 


The study the properties chloroplast proteins after their treatment with either n-butyl alcohol 
acetone demonstrated that the electrophoretic mobility the proteins was the same both cases (Table 
all probability, this indicates that the action both solvents the ionized groups present the periphery 
the protein molecule, the same, The proportions the protein components also remained unchanged. 
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TABLE 


The Electrophoretic Mobility Chloroplast Proteins Shown Various Methods Extraction, 


Material under investigation 


Protein extract from fresh chloroplasts. 
Treatment with n-butyl alcohol 


Protein extract from acetone powders 
chloroplasts 


Proteins, precipitated acetone 


from preceeding extract 


TABLE TABLE 


The Yield Proteins from Fresh Chloroplasts the The Yield the Protein Fractions Chloroplasts 
Presence n-Butyl Alcohol Function the Function the Electrolyte Concentration solution 
and the Electrolyte Concentration. weight dry residue, 


Method 
extraction 


Aqueous solution Solution electrolyte, 
9.0 
Concentration 


NaCl, 


Yield 


analogous investigation carried out Pechar [13] that compared blood serum proteins, which had been 
treated with acetone the cold, with native proteins demonstrated that their electrophoretic properties did 
not change. 


.In the determination suitable for the extraction followed the recommendations Smith 


who, while studying the influence various denaturing agents the chlorophyll protein complexes, did not ob- 
any changes their properties within the range 


Our experiments did show that the protein for all practical purposes, not extracted The 
extraction begins only above 7.0, increases significantly and higher, but did not apply 
such strong alkaline conditions, 


The chloroplasts were obtained from the leaf the fourth rosette the sugar The collected and 
washed leaves were freed their main vein and minced mechanical meat grinder, The mass was then 
quickly homogenized with 0.5 glucose solution and strained through linen, The chloroplast material was 
separated from the above obtained juice Sharples centrifuge, then treated twice with times its volume 
cold acetone, and after drawing off the remaining liquid through No, glass filter was dried open 
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The proteins were obtained from fresh chloroplasts well from acetone powders chloroplasts, 
The isolation from fresh chloroplasts was performed according method described previously This 
method was slightly altered during the following investigation since the yield protein largely dependent 
the and the concentration the electrolyte the solution, shown Table The largest amount 
protein was extracted from the chloroplasts solution containing electrolyte, 9.0. 


chloroplasts apparently contain proteins various natures, the extraction each 
them necessitates appropriate conditions, 


9.0 with NaOH. alcohol was added the suspension final concentration 66%, The mixture 
was heated bath 37° for minutes with vigorous shaking, then centrifuged 2800 three layers were 
thereby formed, The lower aqueous layer, color, contained the proteins, which were freed 
from lipids and pigments the action n-butyl alcohol. The aqueous layer was pipetted off and the n-butyl 
alcohol removed dialysis. 


The isolation proteins from the acetone powder chloroplasts was obtained extracting the powder 
twice with water volumes) alkalinized 9.0 with NaOH. Both extractions lasted for hours and were 
performed, well all subsequent treatments, 2-4°, The extract was separated centrifugation and di- 
alyzed for hours against solution NaCl with 8.0 order remove any contaminations 
low molecular weight. 


verification the electrophoretic experiments demonstrated that the components 
the protein complex chloroplasts enter the solution this case well during the extraction from fresh 
material, further fractionation the above obtained proteins was performed according the following 
scheme: 


Diagram for the Isolation Chloroplast Proteins 


Acetone fractionation 6.0; volumesiof acetone volumes acetone 
v 


Salting-out with SO, 0.7 saturation 


After dialysis the extract was acidified 6.0 and the proteins fraction were precipitated 
the addition volumes The precipitate was separated centrifuging and acetone was again 
added the solution volumes the basis the intial amount extract). This precipitated the complex 
which was also separated centrifuging. 


The proteins were treated with alcohol and ether the cold order split off part the 
lipid material which consistently represented 3-4% case when complex was obtained old plant and 
when obtained from young plant, The complex was treated with dry acetone and lipids were 


detected its composition. The proteins were dried vacuum desiccator without recourse any drying 
agent. 


The yield the above fractions chloroplast proteins was significantly dependent the concentra- 
tion the electrolyte the solution. seen from Table 3.the extraction significantly increased the 
yield the ycomplex and decreased the yield the components. 


The fractionation proteins was performed under constant electrophoretic control the Tiselius ap- 
The electrophoretic curves the extracted protein groups are represented Figure 


all subsequent investigations used the extraction methods 9.0 for the isolation 
proteins from acetone powders chloroplasts. 
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Fig. Electrophoretic curves the protein complexes isolated 


TABLE 


Amount Protein Isolated from Chloroplasts Various Methods, 


Material Method extraction 


Protein 
yield, 


Protein, 
initial 


material 


Acetone powders 
4th rosette, August 


NaCl 
9.0 


10th rosette, August 
4th rosette, October 


Fresh chloroplasts 


4th rosette, August 
4th rosette, September 


9.0, 
the presence 
66% butyl alcohol 


apparent from Table that the protein yield obtained from dry material upon relatively weak treat- 
ment not lower than that obtained after the use possible extract significantly 

amount protein from fresh chloroplasts with the aid the butyl-alcohol method, Both the described methods 
probably allow total extraction the chloroplast proteins, the proteins the stroma and that the 


and Characteristics Individual Protein Components Chloroplasts 


The next object the present investigation was isolate the individual protein components from the 
obtained complexes and study their properties. spite the fact that these investigations are not yet finished 
consider necessary present the obtained preliminary data. 


The relative amounts the individual components the protein system calculated the basis the 
electrophoretic curves, are follows: average 25% the whole system represented the component 
and its amount changes little with the age the plant; the complex represents 45-60%, The latter com- 
ponents are the main bulk the chloroplast proteins and their amount varies with the age the plant, somewhat 


increasing upon aging; the component represents 23-30% young plant and 13-18% old one; its amount 
sharply decreases upon aging (by 50%). 
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The first component the complex proved complex protein containing nucleic firmly 
bound the 4th component the protein system, (Fig. a). While number chemical methods failed 
separate thea from the component, succeeded separating these electrophoresis. 


preliminary study the composition the 


component paper chromatography showed that number 
amino acids and sugar hexoses and pentoses enter into 
its composition, The chromatography was performed after 
hydrolyzing the material soldered containers; for the 


for the determination 2.5% solution 

for hours, The preparation gave positive reac- 
tion tothe Molisch test for and test 
for pentoses with orcinol reagent. 


Thus, apparently conjugated protein; com- 
bination protein with polysaccharide; this was also 
confirmed the value its electrophoretic mobilit 


curve after 3.5 hours 
compounds the above type. 


The electrophoretic curve the isolated protein given Fig. 


Compounds such nature are peculiar Thus, Demetrios [15] isolated mucoprotein from the 
seeds beans which its properties and composition (50% reducing substances, 6.5% closely resembled 
the complex, 


The complex, obtained weakly colorec powder, has high solubility water and salt 
does not coagulate upon heating and the fact that prevents the rapidly coagulating proteins from coagulating 
upon boiling (for instance, albumin from peas) especial interest, Carter and Greenstein indicate 
their reports that similar action proteins exhibited sodium thymonucleate, possible that the 
nucleic acid which present the complex the agent preventing heat coagulation the latter compound, 


The component contains and 0.8% composed 7.7% nucleic acid which has been 
identified ribonucleic acid the basis the data obtained chromatographic analysis. preliminary 


analysis the amino acid composition this protein paper chromatography showed that amino acids enter 
into its composition, 


For the chromatographic determination the components nucleic acid the latter compound was isolated 
from the complex minute hydrolysis The hydrolyzate, after having been concentrated 
under vacuum, was again hydrolyzed with 63% for hours boiling water 
After neutralization and steaming under vacuum the hydrolyzate was applied the The solvent 
and pyrimidine bases was determined the Brumberg ultrachemiscope [18]. 


‘AS result the following bases peculiar ribonucleic acid were found: adenine, guanine, cytosine and 
uracil, The spots were identified comparing with corresponding references, addition, after the elution 
the spots with 0.1 for hours the absorption spectra were measured the UV. The absorption maximum 
for adenine was found wave length 262.5 for guanine 250, for cytosine 275 and uracil 260 
mp. This agreement with previously published data. 


The component designated the a-nucleoprotein chloroplasts, Its comparatively low con- 
tent protein indicates that some additional substances, the identification which one the problems 
our investigation, enter into the composition this protein addition nucleic acid, 


The presence nucleic acids chloroplasts has been demonstrated number investigators. Thus, 
Sisakyan and Chernyak [19], Sisakyan and Odintsova [20] have found ribonucleic acid and traces deoxyribonu- 
cleic acid the chloroplasts the sugar beet, Metzner [21] determined with the aid histochemical methods 
the presence nucleic acids the chloroplasts higher plants, Jagendorf points the presence 
ribonucleic and deoxyribonucleic acids the chloroplasts spinach. 
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However, which the chloroplast proteins incorporated this physiologically important cellular component 
remained the present time unknown, 


Fractionation the Protein Complex 


The study the electrochemical properties the proteins demonstrated that, electrical field 
within the range they produce curve and that represents the largest 
part this curve (Fig. further resolution the peak has never been observed despite the fact that its 
behavior the electrial field indicated state heterogeneity. Usually, the curve noticeably widened after 
hours experimentation, order demonstrate that did not occur result normal diffusion but 
was consequence the heterogeneity shifted the protein peak the opposite direction reversing the 
polarity the electrical under these conditions the curve returned its original form after definite 
lapse time was taken demonstration the heterogeneity the protein This occurred 
our case, has been described special phenomena Tiselius This observation testifies the fact 


that the group composed separate proteins linked each other very firmly. 


The separation these proteins was performed with The complex was 
dissolved water then acidified 6,0 (the precipitate came out only lower than 
Three fractions were collected; fraction upon 0,2 saturation the solution with ammonium sulfate. This 
fraction included the main bulk the protein complex and after drying appeared powder 
color, Inasmuch this protein salted-out low saturation with and exhibits relatively slow 
electrophoretic mobility propose designate the a-chromoglobulin chloroplasts, 


Fraction was collected after 0.4 saturation with ammonium sulfate; somewhat less colored and 


saturation with not less than 0.7 was necessary for the precipitation the remaining protein, 
This the least colored protein, analysis has shown that this nucleoprotein, 


After separation centrifuging,the proteins were suspended water and dialyzed for the removal 
They were precipiiated from the solution the cold, with acetone, The obtained proteins were 
studied Their mobilities blycocol buffer 9.0 and are given Table 


TABLE The electrophoretic curves the isolated pro- 
teins (Fig, exhibit very sharp peaks which remain 

Electrophoretic Mobilities the Protein Fractions sharp during the usual 3-3 hours the experiment. 

Chloroplasts, This undoubtedly one the proofs the homogene- 


ity the individual components, 


Protein 


may observed Table where some data 
the chemical characteristics chloroplast 


given, that the main bulk phosphorus contained 


fraction which salted-out upon 0,7 
saturation, This amount (1.1%) corresponds the 
nucleic acid was determined multiplying the total 


The nucleic acid this fraction was studied paper chromotography according the described 
above for a-nucleoproteins, was shown that purine and pyrimidine bases peculiar acid enter 
into its composition, 


Thus,.one more nucleoprotein chloroplasts designated the has been isolated from the 
complex, 
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Fig. curves chloroplast proteins obtained 
salting-out with 9.0 E=3 V/cm 
saturation with 0,7 saturation with 


TABLE 


Some Chemical Characteristics Chloroplast Proteins from Sugar Beet, 


solutely 
tration off absolutely dry 


the salt- Weight Solubility 


Protein ing- out water 
(P-10.3) 


12.5 2.0 


nucleoprotein 6.1 8.5 


Spectrophotometric Studies Chloroplast Nucleoproteins the 


order demonstrate the presence the nucleic acid applied spectrophotometric 
methods addition chemical analysis. 


For the determination the absorption spectra cruves the the protein complexes chloroplasts were 
dissolved M/15 phosphate buffer, For the splitting nucleic acids part the protein complexes 
was hyrolyzed 10% NaOH for minutes 56°, After cooling, the hydrolyzate was acidi- 
fied with and the protein precipitate was separated centrifuging. The protein was dissolved 
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290 280 270 260 250 230 


young plant (June); old plant (October), young plant (June); mature plant (August). 


complex after hydrolysis; 111) hydrolysis; complex after hydrolysis; 
hydrolyzate, 
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phosphare buffer and the solution well the centrifugate containing the nucleic acid 


Thus, the absorption curves the complexes were obtained before hydrolysis, after 
hydrolysis and for the 


may seen from Figures and that only the complexes obtained from young plants (June) without 
preliminary hydrolysis exhibit curves with distinct absorption maxima that are characteristic for nucleic acids, 
Only smooth shoulder apparent the region 260 the curves the complexes obtained from 
August and October plants, 


The true absorption nucleic acid young well old plants becomes clearly apparent only after 
hydrolysis the nucleoprotein, The data presented Fig, and shows that the hydrolyzate exhibits strong 
absorption with maximum 260 After hydrolysis, the protein does not exhibit any distinct absorption 
this The relatively strong absorption the region which exhibited the proteins 
before well after hydrolysis, peculiar all chloroplast proteins; its cause still unknown us, Jagen- 
dorf [23] also describes the absorption the extracts chloroplasts this 


The investigations Sisakyan and Odintsova [20] demonstrated that the chloroplasts young sugar beet 
plants contain 2-3 times more nucleic acids than old The data the present work confirm these re- 
sults. demonstrated that 11.3% bound nucleic acid enters into the composition the complex 
isolated August, while 30.8% enters into the composition the complex June plant. 


Thus, the definite absorption maximum complexes young plants without preliminary 
hydrolysis related their significantly higher content nucleic acids than that old plants 


DISCUSSION 


has been demonstrated the above investigation that various proteins which differ much their 
properties are present the chloroplasts the sugar beet. This accordance with the established notion 
that addition their basic role photosynthesis the chloroplasts perform extremely important function 
the realization catalytic processes that occur the numerous, links the biological 


The presence two distinct types ribonucleoproteins also testifies the large functional activity 
these green plant organoids, 


Jagendorf [22, 23] maintains his reports that the chloroplasts contain nucleic acids, His 
data are based spectrophotometric analysis chloroplasts performed without preliminary splitting the 
nucleic acids hydrolysis, This apparently explains the relatively low content nucleic acids which us- 
ually detected analyses performed without preliminary hydrolysis the materials and without accounting 
for the peculiarities due the age the organism. 


Among the facts deserving attention, interesting note the distinctive absorption character 
protein complexes obtained from young and old plants. Apparently, definite amount nucleic acid plants 
bound proteins such way that the groups which are responsible for the specific absorption the 
are obstructed, The absorption this nucleic acid detected only after the hydrolysis the nucleoprotein, 


The large amount nucleic acid contained the young plant probably bound proteins new 
fashion and exhibits for this reason strong absorption even before These linkages are fairly strong 
since any case, upon prolonged dialysis, the nucleic acid does not split from the protein, interest 
also the fact that a-nucleoprotein, containing 7.7% nucleic acid, exhibits mobility twice great that 
which contains 11.4% nucleic acid (Table 5). considered that the mobility 
nucleoproteins depends the dissociation the phosphor groups entering into their composition and that 
directly proportional their amount, This, for instance, has been demonstrated Pirie [26] during the analy- 
sis nucleoproteins isolated him from tobacco leaves. However, did not observe such relationship 
the nucleoproteins analyzed us. Judging the rate motion, the a-nucleoprotein must have larger 
number free phosphor groups than the while having lower content The majority 
phosphor groups the apparently found the bonded state. This linkage may occur not 
only within the molecule itself but with the and chloroplasts 


would otherwise difficult explain the fact that the 8-nucleoprotein never splits off from these 
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SUMMARY 


number proteins have been isolated from chloroplast material obtained from sugar beet leaf: 


two nucleoproteins: a-nucleoprotein and chloroplasts with ribonucleic acid found 
entering into their composition; 


two proteins: a-chromoglobulin and chloroplasts which may considered 
belonging the proteins the globulin class the basis their salting-out behavior toward ammonium 
sulfate, their relatively slow electrophoretic mobility; 


The electrophoretic mobility these isolated proteins well their content and has been 
determined, 


The nucleic acid nucleoproteins was analyzed paper chromatography and 


has been established that the a-nucleoprotein chloroplasts found conjugated with substance 
polysaccharide nature, which turn forms complex compound with chloroplast globulins. 


method has been devised extract the protein complex chloroplasts from fresh and acetone- fixed 
material. Its advantage consists weaker treatment the protein during the process extraction and 
somewhat higher yield, 


Several methods for the isolation number individual proteins from the protein complex chloro- 
plasts have been 


Received December 21, 1955 


Smith L., Science 91, 199, 1940 
Smith L., Gen, 24, 565, 583, 1941. 
Fishman Laurenca Gen. Physiol, 24, 755, 1942, 
Takashima Nature 169, 182, 
Menke physiol, Chem, 257, 43, 1938, 
Stoll A,, Wiedemann Schweiz. Naturforsch, Ges, 121, 125, 1941. 
Osipova and Timofeeva V., Acad. USSR, 67, 105, 1949. 
[8] Osipova Transactions the Institute Plant Physiology 57, 1953. 


[9] Sisakyan M., Melik-Sarkisyan and Bezinger Biokhimiya 17, 627, 1952, 


Sisakyan M,, Bezinger Gumilevskaya and Lukyanova F., Biokhimiya 20, 368, 
Motoron Nature 166, 1092, 1950. 
Charles Zittle E,, DellaMonica, Arch. Biophys. 35, 321, 1952, 
Pechar Hrabane J,, Casopis Lekaru Ceskych 90, 225, 1951. 


[14] Vecher Bull. Sci, USSR, Div. Biology, No. 270, 1949. 


Demetrios R., Edwin Chem, 212, 607, 1955. 
Carter Nat, Cancer Inst, 219, 
Greenstein Nat. Cancer Inst. 61, 
Brumberg M., Acad, Sci, USSR 72, 885, 1950 
Sisakyan and Chernyak S., Sci, USSR 87, 469, 1952, 


a 
| 
| 
340 
i 


Sisakyan and Odintsova S,, Proc, Acad, Sci, USSR 97, 119, 1954, 
Metzner H., Biol, 71, 
Jagendorf T., Wildman Plant, Physiol, 29, 270, 


Jagendorf Physiol, 30, 138, 


Tiselius Ark, Min, Geol, 13, No. 18, 
Manoi lov Orlov and Setkina N., Biokhimiya 13, 337, 1948, 
Pirie W., Biochem. 47, 614, 1950. 


a 
[22] 
[24] 
[25] 
[26] 
+ 
= 
‘at 
‘igh 
eg 
te 
341 


4 
Ai 
| 
i 


INTERMEDIATE DECOMPOSITION PRODUCTS THE ORGANIC MATTER 


MARINE ORGANISMS (IN LABORATORY CONDITIONS) 


Shabarova 


All-Union Scientific Research Geological Survey Petroleum Institute, Moscow 


The process conversion organic matter under natural conditions complex The results 
our biochemical investigations marine plants various states decomposition showed that the inter- 
mediate decomposition products pass into water-soluble state and probably largely serve source car- 
bon and nitrogen food not only for bacteria but for other small organisms, Some fraction the decomposition 
products reacts with the inorganic compounds dissolved the water and partially addition, 
the mud deposits contain cell walls and connective tissues plants, and also integuments animal 
which usually are not attacked the primary decomposition processes. Since different types marine plants 
differ chemical composition their decomposition proceeds different rates and yields variety 
decomposition products, augment the analytical data obtained for natural material, experiments were 
carried out the decomposition marine plants laboratory conditions, The plants for these experiments 
were collected during 1947-1948 expeditions the shores the Black and Azov Seas, and during the 1949 
expeditions the shores the Caspian Sea, The plants were not fixed when gathered, but air-dried the 
shade, and kept canvas bags before the experiments, 


The following marine organisms were used for the decomposition experiments: among the flowering 
plants, Ruppia spiralis from the shores the Azov Sea and Zostera nana from the shores the Black Sea; 


among ‘the green algae, Cladophora; among marine animals, collected near the 
shore the Azov Sea. Sea water was collected 1948 the same time. 


Experimental procedure. weighed sample air-dry whole plants was placed conical flask and 
covered with definite volume sea water known composition, The flask was then connected series 
system absorption flasks for the final gaseous decomposition and hydrogen sulfide. Hydro- 
gen sulfide was absorbed cadmium nitrate solution, and ammonia sulfuric acid solution. Carbon dioxide, 
hydrogen, and methane were collected over concentrated calcium chloride solution, Thus, anaerobic condi- 
tions were set the experimental flasks, with removal the gaseous decomposition products. 


Analytical Data the Intermediate Decomposition Products Marine Organisms 


view the fact that the composition the organic matter marine plants had been established 
natural material, confined ourselves determinations the absolutely dry weight the solid residue and 
its nitrogen content. Considerable attention was paid the intermediate decomposition products marine 


plants and animals the liquid phase. Table shows analytical data the and after the 
experiments. 


The dry residue from the decomposed marine plants was, for Zostera nana~51.90%, the original 
weight; for Ruppia the original weight; the case Cladophora was only 25.40%, The 
residue from the crustaceans was 33.86% the original weight. These results show that the decomposition 
organic matter the samples proceeded different rates; some organisms decomposed faster than others. 


This also seen the decomposition nitrogenous direct relationship was found between 
the amount residual organic matter and the total nitrogen the dry residue. The amounts total nitrogen 
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remaining, percentages the original content, were, for Zostera for Ruppia 
for Cladophora only 15.90%, and the lowest amount was the crustaceans, only 11.50%, Thus, the nitrogenous 
complex was most stable Zostera nana inthese conditions. The decomposition nitrogenous compounds 


Ruppia spiralis was more rapid; was especially rapid Cladophora, The nitrogenous complex the crusta- 
décomposed much more rapidly than the 


For analysis the liquid phase, the solution the experimental flask was separated from the solid re- 
The color the liquid was usually from pale yellow dark The color the solution was due 
the presence water-soluble humus substances formed during decomposition complex organic matter. 
According numerous workers [5-12], when polysaccharoses and proteins decompose, monoses and amino 
acids containing reactive carbonyl and amino groups are first formed; these immediately react form colored 
products named humus substances melanins, 


Dissolved humus substances were determined colorimetrically. The standard used was solution humus 
substances isolated from fresh water sapropelic mud lake Biserovo, and stored the dry state. 


The solution obtained from Zostera nana contained 22,1 mg/g humus substances, the solution from 


Ruppia spiralis 3.1 mg/g, the solution from Cladophora siwashensis 6.9 mg/g, and from the crustaceans, 
12.3 mg/g. 


These figures may compared with the values obtained for monoses the original material 
the content carbohydrates (that is, mainly monoses) Zostera nana 25.48% the abso- 
lutely dry weight; Ruppia 7.38%, and Cladophora the content alcohol-soluble 
hydrates 0.44%, but monoses are present. Consequently, flowering plants there relationship between 


the physiologically active carbohydrate groups and the formation humus substances; such relationship was 
found for green 


Organic acids volatile steam were determined the solution after decomposition marine plants and 
animals method developed previously [15]. The organic acid contents were: Zostera mg/g 


(mg per absolutely dry substance), Ruppia mg/g, green Cladophora siwashensis mg/g 
and the crustaceans 21.00 mg/g. Positive qualitative reactions were obtained for butyric, acetic, and formic 
acids, 


There doubt that the organic acids present are not restricted the volatile fatty For example, 
monogluconic acids are formed early stage the decomposition Cladophora. 


Data the amount hydrogen sulfide formed the decomposition marine organisms are consider- 
able interest. The hydrogen sulfide absorbed cadmium nitrate solution was separated the form 
orange-colored precipitate and determined iodometrically 


During the whole experiment hydrogen sulfide was detected the absorption flasks the case the 
marine flowering plants Zostera nana and Ruppia spiralis contrast these, free hydrogen sulfide was formed 


the decomposition green algae, Cladophora siwashensis, and crustaceans. The amounts, per the 
original sample, were for the green algae and 9.5 for the crustaceans. 


Gaseous decomposition products were collected over saturated calcium chloride solution and analyzed 
Cherepennikov's laboratory Scientific Research Geological Survey Petroleum Institute, Lenin- 
grad). 


The analytical data for the gaseous mixtures show that carbon dioxide and small amounts methane were 
liberated all ethane, butane, propane was found any the flasks. the decomposi- 
tion Cladophora algae the methane content after months reached 20% volume the gaseous mixture. 

the decomposition flowering marine plants vigorous evolution hydrogen, 40% volume, was ob- 
served during the month. follows that the fermentation was the type the first case, 
and the hydrogen type the second. 


Hydrogen and methane fermentations have been studied detail Omelyansky [9] who isolated pure 
cultures bacteria from river Neva mud, and also studied, laboratory conditions, evolution gaseous de- 
composition products from the organic matter this mud. Omelyansky showed that vigorous 
fermentation and hydrogen fermentation proceed simultaneously the mud deposits the Neva. addition 
methane and hydrogen, the gas was found contain hydrogen sulfide, free nitrogen, and oxygen. 
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Evolution methane, nitrogen, and small amounts hydrogen sulfide also the 
bottom layers marine lagoons and marine mud deposits. 


the course the 1948 expedition took samples the surface layers marine mud deposits. The mud 
samples were taken mainly from the shore regions the Black and Azov Seas, their bays, and lakes, 
One sample mud was taken from the fresh water estuary. The depth water did not exceed 
meters, with the exception Golubitskaya lagoon, where the mud sample was taken from depth 1.5 meters. 
Mud samples for determination organic carbon were taken the same time, Hydrogen sulfide dissolved the 
bottom layer water, and also nitrite nitrogen, were quantitatively determined site, 


The hermetically sealed jars with marine mud were kept for years and longer, and were then analyzed 


Cherepennikov's laboratory (All-Union Scientific Research Geological Survey Petroleum Institute, Lenin- 
grad). 


The gas analysis results are shown Table The organic carbon contents the deposits were from 0.99 
5.66% the absolutely dry substance, The gaseous mixture which collected the jars contained 0.3 vol. 


hydrogen sulfide, vol.% carbon dioxide, vol.% methane, and large amounts free nitrogen, 
from 28.8 90.8 


TABLE 


Content Hydrogen Sulfide Dissolved Bottom Waters the Shore Regions Black and Azov Seas,Their Lago- 
ons and Bays. 


Site depth, samples ture, phenol water, water 
Near-shore zone Black Sea 0.6 8.1 3.06 Traces 
Primorskaya lagoon 0.5 26.8 8.45 4.80 Not found 
Markitanskaya lagoon 0.5 21.9 8.1 4.08 0.005 
Sennaya pier, Taman bay 0.6 8.4 Not found 
Near-shore zone Azov Sea 0.5 25.6 8.3 Traces 
Golubitskaya village, derelict 


Free nitrogen could have come from air which penetrated into the jars during the sampling, might 
have been formed the decomposition the marine plants and animals, The amounts hydrogen 
and oxygen were not determined. The results confirm that conversion processes occur the organic matter 
recent marine deposits (muds) those observed Omelyansky river Neva mud, 


The results quantitative deteminations hydrogen sulfide the bottom layers sea water are shown 
Table The water samples were taken with great care from the bottom layer depth meters 
and immediately analyzed. Nitrite nitrogen was determined the same time. The average temperature the 
water was 22-26.6°, 8.1-8.65 (by phenol red), 


The results show that the amount hydrogen sulfide the moment sampling ranges from 1.6 10.9 
liter. 


Thus, hydrogen sulfide present the bottom layers sea water even shallow 


The results the biochemical analysis marine plants, animals, and recent marine deposits show that 
various intermediate conversion products are formed both natural and laboratory conditions, Organic acids 
and nitrogenous compounds ofthe amide and amine type are common all the above groups [15, 18]. 
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The final gaseous products: and indicate reduction process anaerobic conditions, 
the other hand, the presence and indicates the existence aerobic conditions, and CO, can 


formed the result decarboxylation both oxidation and reduction reactions organic matter 
marine plants and 
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DATA CHARACTERIZATION PLANT CYTOCHROME OXIDASE 


The Bakh Institute Biochemistry, Academy Sciences USSR, Moscow 


Among the specific enzymes which effect the final stage respiration and which are termed the termi- 
nal oxidases, the commonest the higher plants are polyphenoloxidase, cytochrome oxidase, ascorbic acid 
oxidase, and flavin enzymes. Polyphenoloxidase regarded the prevailing terminal oxidase the majority 
cases, The extensive plant respiration shown its wide occurrence and high 
activity. The important role cytochrome animal respiration generally accepted, but there 
agreement concerning the participation this oxidase the respiration plant tissues. 


Some authors consider that cytochrome oxidase active component respiratory systems embryonic 
tissues only, Mikhlin and Kolesnikov [1] showed study the oxidation systems barley that the 
earlier stages development (during the first 5-6 days) the seedlings respiration mainly effected with the 
participation cytochrome oxidase. the course further development the plant, the cytochrome oxidase 
system gives way flavin enzymes and Other workers [2-6] also refer the active role the 
cytochrome oxidase system only the early development stages green plants. According James 
cytochrome oxidase replaced ascorbic acid oxidase more adult tissues, study the cytochrome 
oxidase activity during vernalization wheat and barley, Sisakyan and Filippovich [8] showed that cytochrome 
oxidase participates cereal respiration only the vernalization stage. the other hand, the literature 
contains reports high cytochrome oxidase activity tissues fully formed, adult plants. Rubin al. 
showed that cytochrome oxidase participates the respiration ripening citrus Sisakyan and Filippo- 
vich [10] found cytochrome oxidase adult leaves the cabbage, tomato, grapes, geranium, stored potato 
tubers, roots freshly gathered red beet, and carrot roots. Rubin and Chetverikova [11], study the 
oxidation enzymes white cabbage, showed that cytochrome oxidase remained active not only throughout 
ontogenesis, but for 6-7 months after the heads had been gathered. investigation 
processes hard and soft wheats Sisakyan and Vasilyeva [12] found that the inactivation cytochrome oxidase 
5-day seedlings hard wheat temporary effect, two-month plants cytochrome oxidase with high 
activity was found. Similar data the participation cytochrome oxidase the respiration adult plants 


have been reported Leave and Schade [13], Rosenberg and Ducet Keilin and Mann [15], and many 
others. 


follows from the above that the question the participation cytochrome oxidase plant tissue 
respiration far from finally solved. Evidently the role this enzyme depends the characteristics the 
species, development the organism, etc. The clarification the general problem the biological 
role cytochrome systems plant organisms involves the solution number particular problems. These 


include, for example, the question the intracellular location the enzyme and the effect partial oxygen 
pressure its activity. 


Location Cytochrome Oxidase 


Much attention devoted modern biochemical and physiological investigations the location 
Most the investigations intracellular enzyme location have been done animal tissues. 


The differential centrifugation method, first applied extensively Bensly and Hoerr [16], was used for 
these The detailed study Goddard and Stafford dealt with the localization enzymes 
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the cells higher plants, The data discussed this article were also obtained the differential centri- 
fugation method, The separation the various cell components was based differences the size and den- 
sity the particles, Considerable difficulties separating mitochondria and plastids arise because the 
partial overlap their dimensions (from for mitochondria, and from for plastids). There- 
fore the centrifugation method practice inadequate for the preparation homogeneous samples. 
isclation, the cell components must compared with those undamaged cells. Modern cytological 
are used for such identification. addition cytological staining, special optical methods (po- 
larizational, phase contrast, and electron microscopy, etc.) may used for structure identification, 
Differential centrifugation, which destroys the cells, undoubtedly harsh treatment which may cause the 
formation Enzymes which are determined soluble components the cytoplasm may fact be, 
least partially, associated with living cell structures, Several workers [19-21] have obtained factual data 
the elution enzymes from structures, was shown Sisakyan and his associates [18] that 
the strength bonds between various enzymes and the protein complex plastids varies with the age the 
plant organism. Various devices are used prevent artefact formation: the use mild methods for comminu- 
tion the material (grinding pestle mortar, comminution glass homogenizer), optimum osmotic 
concentrations the medium, etc. Despite its inherent defects, the present state experimental technique 
the differential centrifugation method the only reliable method for separation cell structures. This method 
has been used number studies enzyme distribution protoplasm. These studies lead the conclusion 
that every type cell structure characterized specific enzyme systems. Thus, Goddard and Stafford [17] 
consider that characteristic feature mitochondria the presence enzymes the cyclophorase system, 
fatty acid oxidases, and oxidative phosphorylation generally assumed that phosphorylase not 
associated with any the cell structural elements [22, 23]. Other workers, who consider these studies 
unreliable, conclude from their own data that phosphorylase localized within the plastids 
There also agreed opinion concerning the location cytochrome oxidase. number workers assert, 
without adequate basis that cytochrome oxidase associated with the mitochondria only [17, 25]. other 
investigations cytochrome oxidase activity has been detected plastids (chloroplasts, leucoplasts, chromo- 
plasts) [26, Even this brief survey shows that this problem requires further experimental study. 


Different organs various green plants were used our study: apple fruits, roots the sugar beet, 
potato tubers, cabbage leaves, and leaves and roots barley seedlings. The cytochrome oxidase activity was 
studied slices, cell structural elements, and juice after centrifugation, The cellular structures all the 
above materials with the exception barley were isolated Vecher's method [28]. was found micro- 
scopical investigations that complete separation plastids from mitochondria not possible this method, 
mixture these organoids being obtained. Plastids from barley leaves and roots were obtained the dif- 
ferential centrifugation method, The cellular structures, plastids, and sap were examined means the phase 
contrast microscope after centrifugation, The cytochrome oxidase activity was determined Warburg ap- 
paratus, measurement the amount oxygen consumed the system cytochrome 
enzyme suspension (or slices, sap, plastids) with polyphenoloxidase inhibited 


The cytochrome oxidase activity relation the location was studied detail leaves and roots 
barley seedlings, The results the experiments showed that, both the leaves and roots barley, both 
the plastids and the cytoplasm (sap) have cytochrome oxidase activity. According our results (Table 1), 
the initial stages development barley the cytochrome oxidase the leaves concentrated almost com- 
pletely the plastids, while the cytoplasm has the total cell activity. 


This proportion changes substantially the course development. With increase the total cyto- 
chrome oxidase activity, the activity the sap oxidase, which 7.8% the total activity seedlings days 
old, increases 22-day seedlings, The share the cytochrome oxidase plastids falls correspond- 
ingly from 92.2 55.8%, The absolute magnitude the cytochrome oxidase activity remains almost un- 
changed the plastids the course development, but greatly increases the sap; was nearly times 
large 22-day seedlings 8-day seedlings. 


Therefore, the increase the total cytochrome oxidase activity which occurs during the development 
barley seedlings due almost entirely increased cytochrome oxidase activity the The ratio the 
cytochrome oxidase activity the sap and plastids different the roots (Table 2). 


Although the cytoplasm shows slight cytochrome oxidase activity 7-day seedlings, this activity 
appears completely the 16th day. From that time cytochrome oxidase found only the plastids. There- 
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TABLE 


Cytochrome Oxidase Activity Barley Leaves. Average for three concentrations 1,5, and 10% 


Total cytochrome Cytochrome oxidase activity 

oxidase activity plastids sap 


| 
17.13 92.2 15.8 7.8 
19.35 96.9 18.8 3.1 
27.28 62.8 37.2 


34.93 55.8 19.5 44,2 


TABLE 


Cytochrome Oxidase Activity Barley Roots (with 21% 


Total cytochrome Cytochrome oxidase activity 


lastid 
Age sap and plastids 


days per absorbed absorbed 
per leaves leaves 


17.41 
34.91 5.72 
13.57 13.57 
11.38 11.38 


fore the decrease the total cytochrome oxidase activity the roots caused mainly the total disappear- 
ance this enzyme from the sap. interesting note that the maximum cytochrome oxidase activity 
the root plastids coincides with the minimum activity this enzyme the sap. Experiments with roots the 
sugar beet and with cabbage leaves (Table showed that active cytochrome oxidase found both the cellu- 
lar structures and the sap, but tissue slices these materials were devoid cytochrome oxidase activity. 
The reasons for this are not clear, cannot attributed merely bad penetration the substrate. The pos- 
sibility not excluded that these materials cytochrome oxidase participates only indirectly respiration, 
with the aid other enzyme systems; other words, provides one the intermediate links. 


potato tubers the structures have cytochrome oxidase activity; this enzyme not 
found the sap. apple pulp, potato tubers, cytochrome oxidase localized the cellular structures 
only. the fruit develops, the activity cytochrome oxidase slices decreases continuously, 
while increases just regularly the cellular structures. This interesting fact requires further study. 


Thus, the materials can divided into two groups; one, cytochrome oxidase 
present both the cellular structures and the sap, while the other the enzyme localized strictly the 
structural elements the protoplasm. The first group represented sugar beet, cabbage, and barley; the 
second, apples and potatoes. 


follows from the above that the relationship between cytochrome oxidase and the cellular structures 
and cytoplasm cannot regarded constant. experiments with barley seedlings showed, the ratio the 
cytochrome oxidase activity the sap and plastids varies significantly during development. During develop- 
ment the seedlings the cytochrome oxidase activity the sap increases considerably the leaves while the 
activity the plastids changes relatively little. the roots, the contrary, cytochrome oxidase disappears 
from the sap the course development, while its activity the plastids the roots, the leaf plastids, 
changes little. Probably there are two forms enzyme (one bound with the plastids and the other with the 
cytoplasm). Cytochrome oxidase absorbed plastids more stable during development than cytochrome oxidase 
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the sap, which varies very much its activity. The possibility not excluded that the two forms the 
enzyme are not equivalent Thus, individual plant development accompanied not only 
change oxidation systems, but also change enzyme location within the cell. 


Since these changes are fairly regular, possible that the cytochrome oxidase present different 
elements the protoplasm influenced differently some factor. order shed light this problem, 
studied cytochrome oxidase activity relation partial pressure oxygen. 


Effect Partial Pressure Oxygen Cytochrome Oxidase 


Much information available the literature the influence partial pressure oxygen plant 
respiration, 


The available information [29-31] general shows that decrease the oxygen content the air leads 
decrease the aerobic respiration rate plants. the same time, the relationship between the respira- 
tion different plant material and the oxygen concentration varies with the species plant, development 
stage, external conditions, etc. The reasons for this are still not fully understoood. studies this problem 
account was taken the specific oxygen regime conditions which were set different organs in- 
dividual plants. was shown our laboratory [32-34] that tissues which are conditions restricted oxygen 
supply develop adaptation the characteristic decreased partial pressure oxygen. Similar results were ob- 
tained Laing [35] and Pollock [36]. The influence partial pressure oxygen plant respiration closely 
associated with the influence oxygen individual respiratory enzymes, However, there very little in- 
formation the literature this question, and particular with reference cytochrome Several 
workers [13, 37] found studies the respiration freshly cut potato slices that respiration largely in- 
hibited cyanide and photoreversibly suppressed carbon monoxide, which indicates the participation 
cytochrome oxidase, They also showed that respiration decreased the partial pressure oxygen less 
than air, These same investigations showed great affinity between cytochrome oxidase and oxygen. Com- 
plete oxygen saturation occurs even concentration, and further increase has effect respiration 
the potato. Thimann, Jocum, and Hackett showed that cytochrome oxidase yeast has high affinity 
for oxygen. Similar results have been obtained for cytochrome oxidase isolated from heart 
the case other enzyme systems has been found that they are saturated with higher partial pressure 
39]. Since different groups enzymes have different affinity for oxygen, becomes evident that not 


only the respiration rate but the participation individual oxidases the process changes with change 
oxygen concentration, 


The results our experiments show that the variation cytochrome oxidase activity with oxygen con- 
centration very irregular and depends large number different factors. This problem was studied 


comparison the activity cytochrome oxidase slices, cellular structures, and centrifuged sap free from 
cellular structures, 


was found experiments with apples the early stages development that there was cytochrome 
oxidase activity slices, cellular structures, the During the subsequent development the fruits the 
cytochrome oxidase activity becomes quite appreciable, and higher slices the skin than the pulp 
(Fig. 1). The optimum oxygen concentration, rule, was both for the skin and for the pulp. isolated 
cellular structures from apple pulp the optimum oxygen concentration for cytochrome oxidase below 21% 
(Fig. 2). The cytochrome oxidase activity during the final development stages the fruit exception, 
this case directly depends the partial pressure oxygen. quite probable that this explained 
changes the structure the tissue, which becomes loose and granular. such overripe tissue the normal 
course all processes considerably disturbed. 


Our investigations, carried for two years, the activity apple oxidase function 
the concentration showed that this relationship not constant even for the same material and tissues, and 
depends some other factors. Thus, the cytochrome oxidase activity 1952 was higher the pulp all 
stages ontogenesis, while 1954 the skin tissues were more active (Fig. 3). This quite probably due 
different meteorological For example, the mean daily temperature for each summer month was 


considerably higher (by 2-3°) 1954 than rule, the optimum oxygen concentration for cytochrome 
oxidase pulp and skin slices 


different relationship between activity and oxygen concentration was found potato tubers (Fig. 4). 
Here the enzyme activity increased direct proportion the partial pressure both slices and incell 
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TABLE 


Cytochrome Oxidase Activity Relation Location, Average for three and 10% 


Activity micro- Activity micro- Activity slices 
absorbed liters absorbed per raw 
Date Material per 100 cell- per sap weight 
ular structures 


23/ Antonovka apple 13.87 
35.0 
18/1X 24.3 
9/X Root sugar beet 25.07 
27/X White cabbage 
Potato tubers 


Fig. Cytochrome oxidase activity slices Antonovka Fig. Cytochrome oxidase activity cellular 
apples function partial pressure oxygen(in micro- Antonovka apples function 
liters absorbed per raw material hour), partial pressure oxygen (in microliters ab- 


1954 


structures, has already been stated, three materials which not only the cellular structures but the sap have 
cytochrome oxidase activity were found our experiments, These were sugar beet, cabbage, and barley. The 
reaction cytochrome oxidase oxygen concentration quite different the sap and the cellular structures 
the case the beet (Fig. 5). The activity cytochrome oxidase cellular structures isolated from roots 
freshly gathered and stored sugar beet directly depends the pressure oxygen, the case sap, the 


ae 
as 
13.23 
2.32 
~ 
26.76 
12.13 
11.5 
1954 
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Pulp plastids 
Skin 


Slices 


Fig. Cytochrome oxidase activity slices Fig. Cytochrome oxidase activity tubers Lorch 
Antonovka apples function partial pressure potatoes function partial pressure oxygen (in 
raw material hour), 1952 results. cellular structures 


Fig. Cytochrome oxidase activity roots the Fig. Cytochrome oxidase activity barley leaf sus- 
sugar beet function partial pressure oxygen function partial pressure oxygen (in 
(in microliters absorbed per 100 cellular microliters absorbed per raw material 

structures freshly gathered; stored. 


1952 
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400 
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Experiments with barley seedlings showed that the 
relationship between cytochrome oxidase activity and oxygen 


dayt concentration not the same for plastids for the enzyme 
present sap which had not been centrifuged (Fig. 6). 
days Cytochrome oxidase the suspension has much higher 
affinity for oxygen than cytochrome oxidase the plastids, 
days The optimum concentration for the enzyme present the 
suspension 10%. further increase the 
tion lowers the cytochrome oxidase activity, The relation- 
ship between activity and oxygen concentration different 


for the plastid cytochrome oxidase (Fig. 7). this case 
the enzyme activity increases direct proportion the 
concentration the medium, 


The only possible reason for such clearly defined dif- 
ferences the influence oxygen cytochrome oxidase 
activity according its location the cell that the 


This agreement with literature data the pos- 
sibility that enzymes can exist different forms the 
same cell, For example, Saltman [40] showed that the 
tissues whole series higher plants contain, addi- 
tion hexokinase adsorbed mitochondria, soluble 
form this Similar data have been obtained for 
cytochrome oxidase [41, 


Fig. Cytochrome oxidase activity plastids 
from barley leaves function partial pres- 
per 100 raw material hour), 


Our results not provide complete answer the question the location cytochrome oxidase the 
plant Further studies are necessary the presence cytochrome oxidase the micro- and 
tures the cell, and the cytoplasm free from structural 
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HEXOKINASE CLOSTRIDIUM OEDEMATIENS AND SOME ITS PROPERTIES 


Biochemistry Department, the Gamalei Institute Epidemiology and Microbiology, Academy 


Medical Sciences USSR, Moscow 


the present time there almost information the literature the routes carbohydrate metabolism 


pathogenic anaerobic microorganisms, One the least studied members this groups Cl, oedematiens, 
one the causes gas gangrene, 


strict anaerobe with negligible proteolytic activity, Cl, oedematiens capable vigorously fermenting 
glucose the main source carbon and energy the conditions its cultivation, 


The aim the present investigation was study the first stage glucose metabolism the Cl, oedemat- 
eins phosphorylation glucose, catalyzed hexokinase, This reaction has been studied detail for 


animal and plant cells, and has been described for yeast and Ivanov and Lobanova have studied 
hexokinase Cl, perfringens 


the optimum conditions for the action hexokinase Cl, oedematiens; phosphory- 
lation different substrates hexokinase; action the ions certain metals and sodium fluoride 
hexokinase, 


METHODS 


18-hour culture Cl, oedematiens grown casin medium was ground with powdered glass and sus- 
pended buffer 1:10 ratio, The effectiveness the grinding was checked microscopically: 
single cells, mostly deformed, were seen the field vision. 


The experimental tubes contained adenosine triphosphate (ATP), 0,018 glucose, and 0.005 
The tubes were incubated for minutes 37°, Controls were kept the thermostat without bacterial 
suspension, which was added after incubation, The proteins and phosphate esters were precipitated 
method modified Kotelnikova Glucose was determined Hagedorn and Jensen's method, The hexo- 
kinase activity was expressed mg% glucose loss, 


Table shows that the highest hexokinase activity found stable the weakly acid 


region, but its activity decreases considerably the transition alkaline medium, above 8,5 the 
activity hexokinas falls 


Table shows results experiments the power hexokinase Cl, oedematiens phosphorylate various 
substrates, 


These results show that hexokinase Cl, oedematiens can phosphorylate fructose rather greater extent 
than glucose, Hexokinase Cl, oedematiens apparently does not phosphorylate galactose, arabinose, xylose, 


According the literature, the ion essential component the hexokinase reaction, The results 
our experiments the effects different metal 0,005 concentration) the activity hexokinase 
Cl, oedematiens are summarized Table follows from Table that hexokinase Cl, oedematiens 


activated Mg, Co, and ions and slightly activated has influence the activity 
hexokinase Cl, 
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TABLE 


Hexokinase Hexokinase 


activity 


Hexokinase 


activiey 


substrate substrate substrate substrate substrate substrate 


loss loss loss loss loss 


4,90 17.5 
5.49 
5.90 6.75 24,5 


57.0 17.5 6.90 


TABLE TABLE 


Phosphorylation Various Substrates Hexokinase Effect Metals the Activity Hexokinase 


Cl, oedematiens, Cl, 


Hexokinase activity 


control 


Hexokinase activity 
glucose Metals 


substrate 
loss 


glucose 
loss 


Substrate 


Glucose 168.2 
Fructose 164.0 
Galactose 150.9 
Arabinose 
Xylose 93.9 


The influence the activity hexokinase 
was separate problem, Table shows, has in- 


Effect NaF the Activity Hexokinase hibiting effect hexokinase, 
Cl, oedematiens, 


TABLE 


DISCUSSION 


Hexokinase activit 
substrate control 
loss 


stated and Lobanova [5], who studied 
hexokinase Cl, perfringens that they could not detect 
hexokinase Cl, oedematiens, Our experiments the 
detection hexokinase Cl, oedematiens the method 
Ivanov and Lobanova also gave negative results, 


Experiment 


NaF (0.03M) 


The absence hexokinase reaction the experi- 
ments Ivanov and Lobanova, and also ours, may 
explained either the ability NaF inhibit hexokinase, 
the assumption that fluoride added the samples 
order inhibit phosphatase and ATP-ase does not have 
this effect. that case, the ATP concentration 
added the samples would obviously insufficient 
presence active ATP-ase, Our preliminary experiments determine activity showed that Cl, oede- 
matiens has powerful ATP-ase, which inhibited only slightly fluoride, the basis the results obtained, 
studies the hexokinase Cl, oedematiens the ATP concentration the experiments should increased 
from 0,01 0,03 without addition NaF, This hypothesis proved correct, and the subsequent experiments 
made possible detect hexokinase Cl, oedematiens and determine some its properties, 


loss 
54.0 16.6 
7.40 54.0 16.6 
1.9 
c 
3 
| 
308 


Our value for the optimum the hexokinase Cl, oedematiens represents the the 
culture fluid during the hours vigorous growth, shift into the acid region corresponds rapid lysis 
and cessation 


SUMMARY 


Active hexokinase has been detected culture Cl, oedematiens, The optimum activity 
addition glucose, hexokinase Cl, oedematiens can phosphorylate only fructose, and does not 
phosphorylate galactose, arabinose, xylose, Hexokinase activated Mg, Co, and ions; has 
effect; has slight inhibiting effect. 
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VARIATIONS THE ADENOSINE TRIPHOSPHATE SYSTEM BRAIN TISSUE 


DIFFERENT FUNCTIONAL STATES THE CENTRAL NERVOUS SYSTEM 


Sytinsky 


Institute Experimental Medicine, Academy Medical Sciences USSR, Leningrad 


The data presently available suggest that the state the nervous system related the con- 
tent and the rate decomposition number phosphorus compounds [1-9], However, very littie known 
about the extent decomposition adenosine triphosphate (ATP) especially relation various functional 
states the brain, 


The purpose the present work was develop the application paper chromatography studies 
conversions the components the system phosphate (CP) brain 


The work Hanes and Isherwood [10], who were the first separate hexose phosphates one-dimen- 
sional chromatography, fundamental importance for the separation phosphorus compounds paper 
chromatography, Eggleston and Hems [11] used paper chromatography for separation adenosine polyphos- 
phates, Bandurski and Axelrod [12] used chromatography for this purpose, with acidic and 
basic solvents mutually perpendicular order eliminate the displacing effect salts the 
positions the components the chromatogram, Cohn and Carter [13] developed ascending chromatography 
technique with the simultaneous use two mobile aqueous and non-aqueous, number authors 
have developed techniques for the separation creatine, creatinine and paper chromatography 


Our work was based Cohn and Carter's method [13], The mobile solvent mainly used for chromato- 


separation CP, creatine, and creatinine was ethyl alcohol, recommended Epshtein and Fomina 


METHODS 


Paper from the No, Leningrad Paper Mill was used for chromatographic analysis. With the use this 
paper the components under investigation could separated 15-18 hours, The most compact spots were 
obtained the chromatograms were arranged transversely the direction the paper fibers, The boundary 
the solvent front did not diffuse width more than 3-5 special elution inorganic impuri- 
ties (with the exception iron salts, was observed the boundary the solvent The 
ash content the paper was its weight was per The variations for similar experi- 
ments corresponded root mean square error for individual values, Since the final mean was 
taken from independent determinations, the root mean square error the results was the range 0,5 


The following mixtures were used solvents for separation adenine alcohol 
and alcohol and citrate, n-butyl alcohol, glacial acetic acid, and water 
(15:4:10), 


The following solvents were used for separation creatinine, creatine, and n-butyl alcohol 
saturated with water, phenol saturated with water, 87% ethyl alcohol, mixture n-butyl alcohol, 
95% ethyl alcohol, and water mixture n-butyl alcohol, glacial acetic acid, and water 


Table shows our values for adenine and creatinine derivatives and the variations these values 
for different 
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TABLE 


Variation Components for Different Mobile Solvents 


Component 


Mobile solvent (ascending chromatography) 


50% 


borax 2.5% glacial acetic 
water 


(15: 10) 
ATP 


ADP 0.75 0.83 


AMP 0.62 


0.75 


Adenine 0.34 


Inorganic 


Mobile solvent 
n-butyl alcohol phenol saturated 
saturated with with water 
water 


87% 


ethanol 


95% ethanol 
water 


glacial acetic 
acid water 
water(4: 


Creatinine 0.46 0.50 


Creatine 


0.05 


Guanidine 


The test solutions were applicd filter paper separate portions means The total 
volume drop was ml, very important for the original spot small possible when the 
solution applied the paper (the diameter the spot was usually 3-5 The method ascending 
tography was used, gives sharper 


The adenine compounds were identified under ultraviolet radiation means Brumberg's ultrachemiscope 
[18] and the color reaction for phosphorus Wade and Morgan's method print" photographs 
the chromatograms ultraviolet light [20] were also obtained (Fig. 1). 


must pointed out that the solvent systems used the distance between the ATP and ADP almost never 
exceeded cm. several experiments the ATP and ADP spots were diffuse mask the sharpness 


separation. For successful separation the solutions the compounds should nearly neutral possible. The 
volume the drop applied should not exceed 0.03 ml, containing 5-50 the component. The most suitable 
amount for determination 0.02 ml. The compounds then resolve quite clearly. 


determine the possibility determining adenine compounds from the adenine present them, the 
tion adenine was followed paper chromatography, The quantitative determination the individual compo- 
nents the ATP was carried out, the basis the adenine, Vischer and differential ex- 
tinction method [21], The separated components were eluted from the chromatogram for 
hours, The extraction was incomplete; the average analytical values were 15% below the true After 
centrifugation remove paper fibers, the samples were placed boiling water bath for minutes, The acid 
extracts were poured into quartz cells depih 0.5 cm, and the absorption the ultraviolet was measured 
means the SF-4 spectrophotometer, The background was hydrochloric acid extract piece paper equal 
area the spot for the component and cut out the level separation the compounds under investigation, 


The adenine content the extract was determined from the difference the values for the obtained 
maximum absorption (260 my) and 290 


0.21 0.80 0.47 0.30 
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mixture isoamyl alcohol and 2,5% citrate, Mixture standard sol- 
utions ATP, ADP, and AMP; ATP preparation with admixture ADP; 
standard ADP with admixture ATP; AMP preparation, Chromatogram obtained 
the “contact print” method ultraviolet light. Light ultra- 
chemiscope, Exposure 20-40 seconds, Distance meters, 


Adenine 


min. 


Origina 
substance 


Fig, Study the course ATP hydrolysis 100°, The components were separated 
paper chromatography. The quantitative results are expressed adenine, 


The development and quantitative determination the separated creatinine compounds was based Jaffe's 
color reaction [22], Picric acid was purified Halverson and Bergeim's method The sensitivity this 


reaction the qualitative identification the components the chromatogram 1-2 
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Standard aqueous solutions CP, creatine, and creatinine, containing from 0,02 ml, were 
used for quantitative determinations, The regions the chromatogram corresponding the separated compounds 
were cut out, shredded, and placed graduated test tube with concentrate the sub- 
stances being determined, the samples were evaporated boiling water bath and then centrifuged. 
measuring flask, The determinations were carried out with the aid multistep photometer with two filters, 
S-53 and The were based calibration curves, this method possible determine 
from the final solution with error 7%, The most convenient and accurate deter- 
mination with the component the sample, 


The quantitative analysis creatinine, creatine, and CP, after conversion the last two into creatinine, 
can carried out spectrophotometry wave length which corresponds its absorption maxi- 
mum 3), Creatine was extracted from the chromatogram hours distilled water, The 
eluates were centrifuged before the spectrophotometric determinations. check, cutting from the free path 
band the chromatogram free from the components was treated, Complete conversion creatine and into 
creatinine, which requires not less than hours heating the chromatogram 110°, important this method, 
Table shows the results quantitative determinations standard creatine solutions, eluted from the paper after 
chromatography. 


The following difficulties the use this method should noted: the absorption maximum for creati- 
nine lies the short wave region the ultraviolet spectrum, where the sensitivity the instrument low, 
elution the components incomplete, and water has considerable absorption this region the spectrum, 


For determination labile phosphorus compounds the brain white rats proved necessary concen- 
trate the components the vacuum freezing method, The procedure for treatment the brain tissue was 
follows: the brain was extracted from the skull white rat frozen liquid air, Only the cerebral hemispheres 
were taken for analysis, The frozen brain was ground mortar and transferred powder form into 
previously washed and cooled The liquid was centrifuged cooled tube for minutes, The 
colorless protein-free brain filtrate was shaken 6-8 times separating funnel with equal volumes cold ether, 
the result extraction for minutes, the remaining unprecipitated proteins entered the ether the form 
turbid film the separation boundary, together with trichloroacetic acid, The the liquid was 

the end the shaking alkali was added against bromothymol blue, One the solution was 
taken for determination inorganic phosphorus, while the rest was transferred into the receiver the apparatus 
for vacuum concentration, The vacuum concentration apparatus (Fig. consisted glass receiver immersed 
beaker with ice, test tube was fitted into the receiver means ground glass joint, and filled with 
acetone which solid carbon dioxide was dissolved lower the temperature the result the 
cooling the outer surface the test tube became coated with thin layer the frozen solvent, The receiver 
was connected Tishchenko flask containing means the glass tube with tap The flask was con- 
nected mercury manometer and oil pump, When the tube had become considerably coated with ice, the 
tap closed the route the pump, Air was let into the receiver means the tap making possible 
take out the tube and scrape off the 


TABLE 


Spectrophotometric Determination Creatine 


Creatine Creatine Creatine Creatine 
introduced, Optical found, Optical found, 


30.0 0.250 30.5 

20.0 0.215 45.0 0.296 44.5 

25.0 50.0 0,306 47.5 
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Fig. Determination absorption maximum for Fig. Receiver the apparatus for vacuum concen- 

creatinine, tration brain tissue filtrate the 
freezing-out Glass receiver, inserted 
vessel with ground glass joint with solid carbon dioxide 
and acetone, and taps, 


the course 3-6 hours the solution was concentrated about one 15th its volume, leaving 
ml, The concentrated filtrate was transferred into graduated centrifuge tube and centrifuged for minutes 


cooled case, Not more than 0,03 filtrate was applied the paper for chromatographic separation 
adenine compounds; for determination creatine and the amount filtrate was ml, 


view the ease decomposition the substances under investigation, several control experiments 
were carried out determine the influence vacuum concentration, The spectrum the frozen-out solvent 
showed slight absorption 260 due total loss all the adenine components, Calculated ATP, this gave 
from different experiments, which was very small correction the amount added, The inorganic 
(IP) content these samples did not exceed ml, Experiments concentration diluted standard 
solutions ATP and creatine showed that the loss these components does not exceed 10%, Determinations 
the protein-free brain filtrates before and after vacuum concentration showed that this procedure results 


some decomposition labile phosphorus compounds, indicated small increase the end the con- 
centration, The concentrated changed slightly the acid direction from 6,7 5.9. 


may concluded from the results the control experiments that vacuum concentration freez- 
ing-out the solvent has relatively little effect the decomposition labile phosphorus compounds, During the 
work quantitative determination the standard solutions was found that the components were not completely 
determined, The final error the biochemical analysis depends the following sources error: possible 
decomposition phosphorus compounds during precipitation proteins trichloroacetic acid, decomposition 
and loss during vacuum concentration, inaccurate measurement the volume solution applied the chroma- 
togram, indistinct separation ATP from ADP, which may give high result quantitative determinations 
ADP with correspondingly low result for ATP, conversely, losses during elution, variable absorption 
the hydrochloric acid extract different regions the same chromatogram. the course work efforts 
were made eliminate these defects, least reduce the error constant value, 


consequence, constant correction 15% was applied determinations ATP and ADP, The correc- 
tions quantitative determinations creatine and were and The reliability our re- 
sults the separation and quantitative determination labile phosphorus compounds brain tissue was con- 
firmed the fairly close agreement between the results parallel chromatographic separations 10-15 samples 
filtrate from the same brain, The root mean square error all the determinations ATP samples pro- 
brain tissue filtrate was+ 9%, and for determinations 
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RESULTS 


The contents the compounds question the brain rats after direct freezing the whole animal are 
shown and Our values for the normal ADP content are rather higher than the data the literature 
[8, 25, 26], being the average 4,0 the labile The ATP content was also higher than the values re- 
ported separate determinations polyphosphates, The discrepancy probably caused the dif- 
ference between the fixation brain and the direct determination labile phosphorus compounds, 


Normal Sodium amytal Caffeine 
excitation 


Contents labile phosphorus compounds and inorganic the cerebral hemispheres 
the rat brain different functional states the central nervous system, 
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excitation excitation 


Contents and creatine the cerebral hemispheres the rat different func- 
tional states the central nervous system, 


4 4 
e 
bd 
366 


The biochemical changes the rat brain the result unconditioned reflex excitation means 
electric current were studied with the aid Vladimirova's new chamber The rats were subjected 
electric current stimulus for minute, The quantitative results shown and show decrease 
the contents ATP and and increase ADP, IP, and creatine, number experiments dis- 
appeared almost entirely and only qualitatively detectable creatinine 


Twenty-three rats weighing 200-300 were taken for the conditioned reflex experiments, The condi- 
tional stimulus was the light electric lamp, and the uncondional stimulus was the action intermittent 
electric current second intervals, During the reflex training the voltage was gradually increased and the 
time during which the rat was kept the chamber was correspondingly shortened, During the first training 
periods the voltage was then 20, 25, and 100 During the training number rats which 
developed paralysis the limbs had rejected, was continued for three months, The first 
experiment was carried out after training periods, 


all the experiments once the electric light was switched the rats squeaked and jumped out the 
chamber into the vessel with liquid air, where they were frozen whole, 


Considerable changes the ratio were found the experiments with conditioned reflex 
citation the central nervous system (Figs, and 6), The extent ATP decomposition these conditions 
was even greater than unconditioned excitation, all probability this explained the fact that 
the unconditioned reflex excitation the rats was effected means electric current only 
while during the training the end the third month the excitation was carried out electric current 


already 100 potential, Thus, the conditioned reflex excitation the rats was the developed response 
electric current stimulus voltages 100 


Among the pharmacological agents, the effects sodium amytal and caffeine were studied, Rats fell 
asleep 5-10 minutes after subcutaneous injection sodium amytal per 100 body weight. The reflexes 
the animals were retained, The body temperature was changed very little from the value before the in- 
jection (39°), Consequently, the chemical changes found the brain tissues were caused state in- 
hibition the cerebral cortex and not cooling the the end 30-40 minutes after the in- 
jection sodium amytal the rats were frozen liquid 


Some increase the ATP content and decrease was found and 6). 


For studies the biochemical results caffeine excitation, was adminstered average doses 
per 100 body weight. convulsions were observed, The only external manifestation the excitation 
was increased breathing rate, reaching pronounced breathlessness, This condition developed minutes 
after administration caffeine. The rats were frozen 30-40 minutes after the administration The 
results showed decrease the ATP level and increase ADP and (Figs. and The presence 
creatine, not found normally, indicates some decomposition creatine phosphate, 


The differences found for different functional states the central nervous system are many times greater 
than the errors the determination ATP and ADP. 


DISCUSSION 


The above results show that, the case sleep induced sodium amytal, the ATP level increases, 
while during excitation ATP consumed and the content its dephosphorylation product, ADP, increases, 


However, did not find any extensive changes the ATP system, particular changes leading the forma- 
tion considerable amounts adenylic acid. 


Some authors attribute exceptional significance the system the excitation and inhibi- 
tion processes, Babsky put forward the view that ATP most important energy source the activity 
the central nervous system, Subsequently Zubkov [28] developed further this view the specific role the 
system, which termed the functional substance the nerve cell. The excitation process, his 


view, proceeds consumption this system, while extensive decomposition ATP with formation adenylic 
acid causes inhibition. 


Our experimental results not support this view. Despite its great physiological significance, our 
opinion the system does not participate primarily and directly bringing about nervous 
the cerebral cortex. This view supported the following facts, 
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The increase all the experiments the excitation the central nervous system was greater 
than given calculation from the decomposition ATP and separate determinations ATP, ADP, 
and AMP, AMP could scarcely qualitatively detected the normal state, During excitation the ADP con- 
tent increased considerably but there was increase AMP, The decomposition was also incomplete, 
The difference unaccounted was about 24% its total increase, This indicates that the increase 
occurs not only the expense the system, but also due other phosphorus compounds which 
split off inorganic phosphoric acid during excitation the central nervous system, 


Inhibition occurs while considerable amounts ATP are still present the brain tissue, and not 
result exhaustion the system, 


The results experiments under physiological conditions show that large drop the ATP level and 
the appearance considerable amounts AMP did not occur even acute Determinable amounts 
AMP were found only after autolysis the brain The sum the ATP and ADP the excited state 
approximately the same the sum normal conditions state relative rest), The certain relative 
stability the ATP system whole different functional states the central nervous system, established 
earlier Troitskaya [29] and Rozengart [30], thus the consequence the fact that the sum the labile 
phosphorus ATP and ADP shows only small fluctuations, 


the basis the above considerations conclude that the assertion the specific role the 
system excitation and inhibition processes the cerebral cortex exaggeration, The excitation pro- 
cess involves increased metabolism not only ATP and CP, but also such phosphorus compounds phos- 
pholipids, phosphoproteins, and ribonucleotides, Vladimirov and his co- workers [2, and other investigators 
used radioactive phosphorus isotopes demonstrate clearly the increased renewal these compounds 
the brain tissues excitation the central nervous system, seems likely that, addition the previously 
known compounds, the relatively recently discovered high-energy phosphorus compounds analogous the ATP 
system [31] also play important part the biochemistry nerve processes, Thus, the biochemical aspects 
excitation are not confined one specific system, but involve the renovation many and various compo- 
nents nerve 


SUMMARY 


Partition chromatography paper may used for analysis labile phosphorus compounds brain tis- 
sue, The concentration the components necessary for this method effected the vacuum freezing method. 
The adenine compounds may quantitatively estimated 10% accuracy from the amount adenine after 
hydrolysis 100° the differential extinction method electrospectrophotometry, The quantita- 
tive determination and creatine may carried out means the Jaffe color reaction measure- 
ment the optical density wave length 235.5 


conditions sleep induced sodium amytal, there decrease the inorganic phosphorus level 


and some increase the amount ATP comparison with the biochemical state the brain tissue 
state relative 


The changes the biochemical processes unconditioned and conditioned reflex excitation, and also 
administration caffeine, are manifested decrease ATP content and increase ADP and IP, 
there corresponding fall the level, some rise the creatine level, and appearance creatinine which 
only qualitatively detected, 


The sum the ATP and ADP labile phosphorus varies little different functional states the central 
nervous system, The rise the amount during excitation the central nervous system due the de- 
composition other phosphorus compounds brain tissue addition ATP and CP, 


express deep gratitude Prof. for his guidance this work. 
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INHIBITION GLUCOSE PHOSPHORYLATION THE LIVER ALLOXAN 
DIABETES 


Laboratory Physiological Chemistry, Academy Sciences USSR, Moscow 


Studies the distribution various products carbohydrate metabolism tissues alloxan dia- 
betes showed that the greatest changes this disease are found the liver [1], 


The accumulation considerable amounts free glucose the liver with simultaneous decrease 
the reducing substances the Ba-soluble fraction this tissue indicated disturbance the enzyme 
processes associated with phosphorylation These results were the starting point for investiga- 


tions hexokinase and other enzymes which’ participate phosphorylation glucose the liver, 
alloxan diabetes, 


Price, Cori, and Colowick [2] reported inhibition the hexokinase reaction the liver alloxan 
diabetes, brief Broht-Kahn and Myrski [3] published results contradiction this, stating that 
the hexokinase reaction the liver not changed diabetes, 


These brief reports are unconvincing and contradictory, and shed light the question whether 
the hexokinase reaction the liver changes diabetes. 


EXPERIMENTAL 
Methods 


Liver slices and extracts were used for the experiments, the first case, the contents 
phosphate the liver slices was investigated after incubation with glucose salt solution favorable for 
conservation the intracellular ionic medium, and also for conversion glucose into phosphate 
The ester content was determined reduction the Ba-soluble fraction. For comparison, experi- 
ments with fructose were also carried out, there are known differences the metabolism these sugars 
diabetes. the end incubation the slices were twice washed with 500-600 distilled and 


then extracted thecold for minutes with trichloroacetic acid. The resultant extract was 
fractionated method described previously 


the experiments with liver extracts the phosphorylation glucose was studied with determinations 
not only the hexokinase fraction, but also with consideration the action and 
adenosine triphosphatase, these enzymes are known influence the process, Glucose-6- phosphatase, 
exerting dephosphorylating effect, may lead decrease the formation glucose-6- phosphate. The 


action adenosine triphosphatase splits ATP, which necessary component the glucose phosphoryla- 
tion reaction. 


The glucokinase reaction was determined evaluation the labile ATP from the amount 


The experiments fructokinase were carried out according procedure [5] with the 
slight modification that the homogenate was replaced extract and glutamic acid was not added 
preliminary experiments with and without addition this acid gave the same The loss fructose 
(by the resorcinol reaction) was calculated from the difference between the fructose contents the control 
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and experimental samples The aggregate activity and adenosine triphosphatase 
was estimated from the amount inorganic phosphorus formed, was found preliminary experiments that 
significant changes inorganic phosphorus content took place during incubation liver extracts without addi- 
tion the reaction components, The liver extracts were prepared cold homogenization rapidly removed 


rabbits, rabbits with diabetes, and diabetic animals after injections insulin were used the ex- 
periments with liver slices and extracts, 


The administration alloxan and determination the condition from blood glucose curves was 
done the method described previously [6], The effect insulin and protamine zinc insulin the blood sugar 
shown the the result insulin therapy the blood sugar content not only fell several hours after 
insulin injection, but also kept lower level empty stomach. The insulin therapy was least effective 
Experiment which probably explained the severe form diabetes this rabbit. 


oD 
= 
Duration soo Duration insulin therapy 
Duration insulin therapy Duration insulin therapy 


Blood sugar 


RESULTS 


Experiments with Slices 


seen from the results shown Tables1 and that when liver slices from normal animals were incubated 
presence glucose, the content (calculated the free acids) was always higher than 


the absence glucose, The difference the amount phosphates was not from 0.052 0.078 per 


different picture was seen incubation liver slices from diabetic rabbits the same conditions. The 
hexose phosphate content was not only higher than control slices, was also found normal rabbits, but 
was lower the experiments with glucose than its absence all cases, The difference the ester contents 
the experimental and control samples (represented minus sign) was per 


Data the contents the original samples the slices (before incubation) are 
interest: all cases the contents these compounds were lower diabetic animals than normal animals, thus 
confirming the results our earlier 


Different results were obtained experiments with liver slices from diabetic rabbits treated with insulin: 
thus, two cases out four (Experiments and Table the results were characteristic the normal state. 
these cases the liver tissue seemed recover its power form phosphates the action insulin. Experi- 
ment when administration insulin rabbit with severe form diabetes had little effect (sce Figure, a), 
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TABLE 


Hexose-6- phosphates Liver Slices Experiments with Glucose, 


ing glucose; incubation minutes, 


Before After incubation 
Rabbits incuba- with 


tion glucose 


Difference 


Normal 1.038 0.558 
Diabetic 0.969 0.540 


Normal 0.923 0.524 0.573 
Diabetic 0.675 0.467 0.423 


Normal 0.923 
Diabetic 0.735 0.423 


Normal 0.795 0.461 0.407 
Diabetic 0.563 0.341 0.317 
insulin 0.705 0.623 
0.380 0.380 
0.477 0.485 


TABLE 
Contents Hexose-6- phosphates Liver Slices Experiments with 


Before After incubation 


Difference 


Normal 0.923 +0.009 
Diabetic 0.675 0.500 


Normal 1.038 0.657 +0.204 
Diabetic 0.735 0.573 +0,150 


Normal 0.923 +0.180 
Diabetic 0.795 +0.060 


Normal 0.610 


0.440 
Diabetic 0.660 


0.387 


the results the experiments with slices gave picture: decrease the phosphate ester content 
slices incubated with Experiment gave results which occupy intermediate position, this case 
administration insulin the rabbit did not result excess ester formation comparison with the control, How- 
ever, remembered that equal contents esters the samples with and without glucose were not found 


single instance diabetic animals, may assumed that this instance insulin favored shift the direc- 
tion normality. 
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The experiments with fructose (Table gave entirely different results, incubation liver slices with 
fructose there was increased reduction the fraction both normal and diabetic animals. The 
contents this fraction were higher the experimental samples (with fructose) than the controls (without 


Thus, the experiments with slices showed that the case normal rabbits liver slices incubated with glu- 
cose have higher content than slices incubated without This state disturbed 
diabetes, Insulin therapy favors its 


Experiments with fructose showed that the formation from fructose proceeds ap- 
proximately equal rates both normal and diabetic animals, 


The experimental results, summarized Table showed that the phosphorylation glucose decreased 
considerably diabetes, The amount labile phosphorus transferred from ATP glucose was all cases lower 
diabetic than normal animals, Thus, for normal animals the value varied between 28.7 and 43.7 
and diabetic animals, only 26.2 The average loss labile from ATP was twice great 
normal animals diabetic animals. 


Proof that decreased phosphorylation glucose the liver diabetes associated with insulin deficiency 
was provided experiments diabetic animals treated with insulin, The results led the conclusion that in- 
sulin, favoring increase the loss labile ATP, brings this process nearer normality. Thus, this 
loss varied between 22.5 and 36.2 after injections insulin, and the average loss labile from ATP 
was Closer the value for normal than diabetic rabbits, Experiments and the loss labile from ATP 
was highest, and corresponded the level for normal rabbits, comparison these results with the blood sugar 
curves for the experimental rabbits (see Figure, and shows that insulin adminstration favored rapid fall 
blood sugar, that reached its normal level after 5-6 days.. Thus our results fully corresponded the con- 
diton the rabbits. 


TABLE 


Investigation the Phosphorylation Glucose Liver Extracts. Incubated extract 1:40, glucose 


Experi- Rabbits Transfer labile Amount phos- Increase labile 
ment ATP glucose phorylated glu- in- Pof ATP 


33.7 195.5 
28.7 166.5 
232 
43.7 250.5 
36.2 
22.5 
13.7 
26.2 
17.5 
Diabetic insulin 26.2 
ditto 22.5 
32.5 188.5 
36.2 210 


Experiments with Liver Extracts 
7 
9 
6.2 
11.2 
104 
18.7 
a 
7.5 100 
7.5 
11.2 
3.7 
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The same applies Experiment (see Figure, when adminstration insulin resulted stabilization 
the blood sugar the normal level even the first few days. this case, however, the amount labile 
transferred from ATP glucose was less than Experiments and 14; this probably the lower limit for 
this value (the similar value 28.75 found the normal state). 


Experiment 12, when insulin therapy was least effective (see Figure, a), the glucokinase activity was 
intermediate between the normal and diabetic 


The data Table show that diabetes, contrast the normal state, the decrease phosphorylation 
was accompanied steady increase inorganic normal animals, increase inorganic 
phosphorus incubation was found only two out five diabetic animals this effect was 
found all cases, and was more pronounced than normal animals most the experiments, 


Insulin adminstration diabetic rabbits also favored less rapid increase the inorganic phosphorus, 
although not the same extent the decrease labile ATP. 


significant changes the fructokinase reaction were found liver extracts cases diabetes 
(Table 4), The fructose loss normal animals was approximately the same diabetic animals, 
times even slightly higher. Adminstration insulin did affect the fructokinase activity significantly. 


TABLE 


Investigation Fructokinase Activity Liver Extracts 
Fructose loss after Fructose loss after Fructose loss after 


135 13.2 Diabetic 113 Diabetic 
10.6 
15.3 


DISCUSSION 


The results obtained with liver slices led the conclusion that formation from 
glucose inhibited diabetes. fructose was used the phosphorylation substrate, disturbance phos- 
phate ester formationtook place. The results our experiments confirm that fructose metabolism either 
not disturbed diabetes less disturbed than glucose metabolism [7]. 


The observed diminution ATP loss and the simultaneous increase inorganic phosphorus diabetes 
experiments with liver extracts not provide basis for assuming that decreased phosphorylation glucose 
the liver due only diminshed glucokinase activity. This might accumulation inorganic phos- 
phorus was the result adenosine triphosphatase action. 


The data the last column Table showing that fairly large amounts unconsumed ATP were pres- 
ent the end experiment, are evidence that even adenosine triphosphatase activity was intensified 
diabetes, did not prevent full activity glucokinase. this case decreased phosphorylation glucose 
the liver diabetes could attributed decreased glucokinase activity. However, the formation inorganic 
phosphorus could also consequence intensified activity, which would lead 
decrease the amount phosphorylated glucose. Recent literature data indicate that this enzyme activated 
the liver diabetes 9]. view this, may concluded that decreased phosphorylation glucose 


liver diabetes may due changes the activity not only glucokinase, but also 
phosphatase, 


SUMMARY 


increase the content hexose-6- phosphate takes place incubation diabetic liver slices with 
glucose, while such increase occurs liver slices from normal animals. When liver slices are incubated 
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with fructose, they show increased contents both normal and diabetic animals. 
liver extracts, glucose phosphorylation much slower diabetic than normal livers, 


The accumulation inorganic phosphorus the incubation medium together with the decrease the 
amount labile transferred from ATP glucose indicates that the decreased phosphorylation glucose 
the liver diabetes due not only decreased hexokinase activity, but possibly also intensified action 


The fructokinase reaction the liver does‘not change alloxan diabetes, 
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THE PATH CARBON PHOTOSYNTHESIS 


The Vernadsky Institute Geochemistry and Analytical Chemistry, Academy Sciences USSR, Moscow 


Studies the path carbon photosynthesis are aimed clarifying the transformations undergone 
carbon dioxide plants formation carbohydrates other substances close them degree re- 
duction, The initial reactions this path, leading the formation primary products, are special interest. 
Before the introduction isotope methods their study was almost impossible because the speed the reac- 
tions and the difficulties separating the primary products from the substances obtained during decomposition 
the process recent years the use carbon dioxide labeled with radioactive carbon has 
made possible detect large number compounds which were already radioactive after exposure the 
plants light for several seconds, even darkness, 


However, the question the nature the primary products not finally answered, 


There are two hypotheses. According one, which arose after earliest experiments about 
teen years ago, during photosynthesis labeled carbon first found polyhydroxy acids with molecular weights 
about four times the molecular weight sucrose [1]. darkness the labeled carbon remains predominantly 
the carboxyl groups the acids, but the light,reduction other groups takes place. 


The second hypothesis based the fact that with the use higher concentrations radioactive 
and with decrease the time photosynthesis from minute few seconds, radioactivity was detected 
mainly phosphoglyceric acid (PG) [2]. According the second hypothesis, the carbon path photosynthesis 
can represented follows: carbon dioxide first added ribulose diphosphate, with the formation two 
molecules PG, which are further reduced triose phosphates, and these are condensed sugar phosphates. 


was found only experiments which the isotope content was the total carbon 
the carbon dioxide, the question arises whether photosynthesis can proceed these conditions all. fact, 
using various concentrations the isotope, were able show that harmful effect photosynthesis 
one twentieth, and minutes one fortieth the original There doubt that the results ex- 
periments carried out with even larger amounts 9%, cannot regarded proof the significance 


one the primary products photosynthesis, instance the amount assimilated carbon dioxide 
given these 


Another reason for the discordant views the nature the primary products lies the different treat- 
ment the plants after the experiments with radioactive carbon dioxide, Thus, when brief boiling with water 
for one two minutes used, primary products higher molecular weight, precipitated alcohol acetone, 
are usually the other hand, after prolonged boiling with solvents products low molecular weight 
are usually isolated, reasonable suppose that decomposition more complex compounds occurs the 
second instance, and their molecular fragments are described primary photosynthesis products. 


When the leaves were carefully cut isotonic sucrose solutions, and this was followed precipitation 
60% acetone, was first discovered the precipitated substances [3]. However, the substances precipitated 


acetone were not homogeneous, and therefore the aim the present work was isolate the primary photo- 
synthesis products from the precipitate. 


With this aim view, the above fraction was treated with 100% acetone, acidified with concentrated 
20% the precipitate dissolved the result this treatment. After neutralization, BaCl, was added 
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this solution and new precipitate was formed, which comprised ~10% the total weight the substances 
precipitated acetone the dry leaf weight. was found contain nearly all the radioactivity 
after few seconds photosynthesis, However, for final solution the problem, was necessary create 
conditions which all the would found one substance only. For this, the process was inhibited 


The experiments were carried out with primrose leaves; the poison was infiltrated into them Kursanov's 
vacuum infiltration method. Disks cut from the leaves were then placed into manometric vessels with 
containing 0.004% This concentration CO, was used all the 


TABLE 


Primary Assimilation CO, Leaf 1500 lux, 20°, seconds) 


Experimental CO, uptake Radioactivity total) 


leaves 


precipitate residue from solution 


NH,OH 0.008 100.0 

without 88.5 11.5 
without 40.0 5.0 


According the results shown Table when leaves previously treated with hydroxylamine are ex- 
posed light for seconds, assimilated exclusively substances precipitated barium from the 
acetone precipitate absence hydroxylamine, radioactive carbon could pass into the fraction not 
precipitated 60% acetone even after seconds photosynthesis. Compounds into which the subsequently 
passes can precipitated from the solution the next photosynthesis product thus being obtained. 
interesting note that all the labeled carbon remained one fraction only with very small amounts 
not exceeding the plant weight. 


was important establish whether carboxyl group formation took place or, addition, carbon dioxide 
was reduced other groups also. Both fractions were decarboxylated dry ignition their barium salts 
250° for the end the reaction 


acid was introduced into the apparatus and the gas evolved was absorbed alkali, followed precipitation 
the carbonate formed, According Table after minutes photosynthesis, about 50% the 
mained the carboxyl groups the first product, and only about 18% the second. 


These are average results from six experiments. The products isolated from plants kept the dark under 
the same conditions had higher percentage the groups, the difference from the experiments 
with light being particularly large for the second product. 


comparative investigation the reducing group content the fractions was then made. 
method modified Lisitsin was used, Reduction Fehling solution both products took place only after 
three hours hydrolysis with Similar results were obtained Kuzin and Doman their studies 
the primary products photosynthesis ionophoresis. Iodine treatment alkaline medium 
method showed that these reducing groups are keto groups, There are some differences between the 
primary products isolated from plants kept under different conditions. 


After vigorous photosynthesis bright light the total amount primary product may decrease 
quarter, and ketone groups are not found either before after hydrolysis. During weaker photosynthesis, 
for example under less bright light, the transition retarded and small amount ketone groups may 
found the product after hydrolysis. will denote the product which does not contain groups reducing 
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TABLE 


Illumination per 100 dry COOH 
weight 


5000 lux 


Darkness 


TABLE 


Reducing Groups Primary Products 


1/50 


Products before hydrolysis after hydrolysis ketoses 


method method 


Fehling solution the product with ketoses after hydrolysis and the product with 30% ketoses 
(Table 3). R',and are isolated from substances the acetone residue, and obtained precipita- 
tion with barium neutral medium, 


Results experiments decarboxylation and reduction Fehling solution show that even the first pro- 
duct when converted into the second, not only taken into carboxyl groups, but these groups are re- 
duced ketonic groups, 


All the isolated products were reprecipitated several times For fuller investigation their nature, 
elementary analyses were carried out (Table 


The contents carbon, hydrogen, and oxygen (the last difference) the individual.products also indicates 
that the state reduction increases from has the highest content, about 4%, the con- 
tent falls 1%, while several times small. All these products contain organic phosphorus, The 


elementary composition the first product very close saccharic acid, and that uronic acids. 
The product occupies intermediate position between uronic acids and hexoses, 


The molecular weights these substances were determined from their calculated gram-atom contents 
and and reducing groups 


The similar values molecular 

weight obtained different methods 
Elementary Composition Primary Products calculation (see Table indicate that the 

substances are homogeneous, The color reac- 

tions for carbohydrates fail completely with 
the acid the basis the above data, 
weak positive Tollens reaction for uronic 


34.6 acids, with negative reactions for sugars. 
39.0 


2.2 


The product trisaccharide 
consisting one-third ketose combined with 
uronic acids. This also confirmed 
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color reactions: reacts both uronide and The fact that not precipitated 60% acc 
tone alcohol also favor this composition, When precipitated barium the medium should have 
neutral reaction, many other substances can precipitated weakly alkaline medium. 


TABLE Thus the path carbon photo- 
su 


commences with its entry into 
Molecular Weights Primary Products 


substances resembling saccharic acid 


Molecular weight 


polymers, and containing iron and phos- 


phorus, These substances are then reduced, 


Tollens 


groups 
Vinogradov, Boichenko, and Baranov, 
Not carbo- who studied the assimilation carbon 
hydrate dioxide labeled with 
indicated fairly precisely the separate 


stages this path: acids 

with higher content carboxy! groups 
than uronic acids, uronic acids, and 
ketoses The significance uronic 

acids intermediate products photo- 
synthesis had already been established 
Kuzin and Shkolnik [7]. 


has been shown that uronic acids can formed reduction saccharic acid lactone [8]. Their sub- 
sequent conversion into compounds the trisaccharide type with ketoses also confirmed the recent isolation 
similar substances, termed oligouronides, mild treatment plants 10}. 


Uronic acids are hardly ever found free plant cells, but are usually combined the form complex 
uronides, often forming trisaccharides with one molecule hexose According our data, they are the 
precursors free sugar formation photosynthesis, because subsequently the already found car- 
bohydrates not precipitated barium from neutral solution, Among the monoses composing these trisaccharides 
found ketose, which was therefore the first the sugars formed photosynthesis. The fact ketoses are 
formed before other sugars has been repeatedly confirmed other workers using 


The main reduction reaction which leads the formation ketonic groups from carbon dioxide 
occurs the conversion into The state the also changes; ashing with necessary for 
its determination, Further, the ratio the ketonic groups formed, which are detected only hydrolysis, 


the iron content, expressed gram-atoms, 1:1. This content ketonic groups did not increase when 
the conditions extraction from the plants were varied, 


When the photosynthesis vigorous and part the product split off rapidly, the iron liberated and 
again becomes capable participating reactions leading the formation new reduced the pro- 
cess slow, however, the intermediate product accumulates, and when all the iron has become bound with 
ketonic groups, carbon dioxide uptake stops completely, for example the treatment leaves with hydroxyl- 
amine, According the literature [12], compounds multivalent elements, iron and phosphorus, 


around which structures hydrocarbon molecules are formed, participate the formation protopectin 


Thus, for clarification the chemistry photosynthesis very important have deeper knowledge 
the structure the substance seems that the molecule not simple polymer saccharic acid, 


indicated the presence double bonds, For example, rapidly decolorizes solution and solu- 
tion bromine CCl, 


would, indeed, difficult represent the formation acids the saccharic uronic types direct 
reduction carbon These reduction reactions are effected connection with some unsaturated part 
the molecule, which iron plays the most active For reduction carbon dioxide necessary for 
have low value redox potential, and for remain unoxidized the presence the powerful stream 
oxygen being liberated. Organic iron compounds with redox potential resistant oxidation, capable 
forming carboxylic acids and having the properties aromatic compounds, have recently been 
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possible that the iron compound conversion which during photosynthesis all the organic 
substances plants are formed, belongs this type compounds. 


The conditions for the synthesis acids the saccharic uronic types organisms are not well under- 
stood. has been shown that saccharic acid can obtained from inositol ring cleavage [16]. Examples 
the formation fatty acids from cyclic compounds have been described recent years. Many compounds 
isolated from organisms are now known which uronic acids are combined with various aromatic derivatives 


and with other organic compounds, Some them are very resistant hydrolysis; this especially applies 
uronides plant origin 


The complex structure the substances which participate the formation the primary products 
photosynthesis determines the subsequent reactions, which proceed various directions and lead formation 
both open chain compounds, and substances with ring 


The possibility photosynthesis other compounds addition carbohydrates plants has been 
particularly supported Tauson [17]. also put forward the view that the primary product photosynthesis 
very likely contain double bonds, and its structure should differ from the structure carbohydrates formed 
further conversions this primary product. The formation products different types even the first 
few seconds photosynthesis [18] serves confirmation this hypothesis. 


knowledge the structure and conversion the primary product photosynthesis would make 
possible direct the synthesis toward the formation definite products and obtain great variety 
organic substances from carbon dioxide and 


SUMMARY 


Three consecutive products, and which precede the formation free sugars plants, were 
obtained careful extraction from leaves after brief photosynthesis with The path photo- 
synthesis commences with its entry into the acids which resemble composition the iron and phosphor- 


us-containing polymers saccharic This substance does not give carbohydrate reactions, 
and contains double bonds. 


The principal redox reaction which leads formation ketonic groups from carbon dioxide already 
completed its conversion into and involves change the state the iron. 


The product close the polyuronic acids composition, and the number ketonic groups, found 


The uronide then decomposed form trisaccharides, which contain ketose addition 
uronic 


The complex structure the substances which participate the formation primary photosynthesis 
products allows the subsequent reactions proceed different directions, leading formation both open 
chain compounds and substances with cyclic structure. 


Received January 31, 1956 


LITERATURE CITED 
Ruben S., Kamen M., Hassid Chem. Soc, 62, 3443, 1940. 


[2] Benson A., Moderne Methoden der Pflanzenanalyse 113, 1955. 


[3] Boichenko, and Zakharova, Sess. Nauk Mirn. Ispolzovaniyu, Atomn. Energy, Otd. 


Biol, Nauk [Session the Sciences the Peaceful Use Atomic Energy, Div. Biol. (1955) 
184. 


Kuzin, and Doman, G., Doklady Akad Nauk SSSR, 72, (1950). 
Whelan W., Moderne Methoden der Pflanzenanalyse 145, 1955. 


Vinogradov, A., Boichenko, E., and Baranov, V., Doklady Akad. Nauk SSSR, 78, 327 (1951). 


? 
Sus 
a 
ae 
¥ 
> 
af 
Ba! 
Q 
381 


Kuzin, A., and Shkolnik, M., Doklady Nauk SSSR, 73, 355 (1950). 
C., Advances carbohydrate chemistry 231, 1953. 
Bell D., Moderne Methoden der Pflanzenanalyse 1955. 

Bray H., Advances carbohydrate chemistry 251, 1953. 

Teage R., Advances carbohydrate chemistry 185, 1954. 

Henglein F., Moderne Methoden der Pflanzenanalyse 226, 1955. 


[13] Shriner, and Fuson, C., Sistematichesky Kachestvennyi Analiz Organicheskikh Soedineny 
[Systematic Identification Organic Compounds] (Moscow 1950). 


[14] Wilkinson G., Rosenblum M., Whiting M., Woodward R., Amer. Chem. Soc. 74, 2125, 3458, 1952, 


Nesmeyanov, A., Perevalova, E., Golovnya, R., and Nesmeyanova, O., Doklady Nauk SSSR, 
97, 459 (1954). 


Daigschat A., Moderne Methoden der Pflanzenanalyse 64, 1955. 


Tauson, V., Izv. Nauk SSSR, Ser. Biol., 423 (1947). 


Nichiporovich A., Svetovoe Uglerodnoe Pitanie Rasteny [Light and Carbon Nutrition 
(Moscow 1955). 


we 
ell 
382 


OXIDATION AMINO ACIDS THE PRESENCE TANNINS AND 


POLYPHENOLOXIDASE TEA 


Popov 


The Bakh Institute Biochemistry, Academy Sciences USSR, Moscow 


There increasing accumulation data indicating that tannins have important physiological role 
plants, and the view that these substances are waste products the plant organism becoming more obviously 
incorrect, 


Many authors [1-5] associate the role tannins with processes plants. Bakh 
Palladin [2], and others state that tannins participate respiratory processes, Oparin [3] showed experimentally 
that chlorogenic acid plants serves oxygen carrier the oxidation certain other organic 
observed oxidation amino acids presence chlorogenic acid and oxidase with formation carbon 
dioxide, ammonia, and aldehyde, 


The ability tea tannins act hydrogen carriers biological oxidation was established Bokuchava, 


Popov, and Shubert They oxidized ascorbic acid presence tannins and polyphenoloxidase model 
experiments, The catechins tea were converted into orthoquinones the action polyphenoloxidase, and 
these turn oxidized ascorbic acid and were reduced the original unoxidized 


Popov [6, has observed oxidation amino acids presence tannins and polyphenoloxidase tea, 
Secondary oxidation amino acids polyphenoloxidase, apart from its biological interest, great import- 
ance the biochemistry tea production, sheds some light the mechanism aroma formation during 
fermentation oftea. The origin the aroma tea fermentation, was shown Bokuchav and Popov [8], 
related oxidation processes, aroma developed mechanically crushed tea leaves placed vacuum, 


model experiments the oxidation amino acids presence tea tannin and polyphenoloxidase, 
direct addition amino acids fermenting leaves, volatile products were evolved, which had different odors 
according the amino acid Some these odors harmonized well with the aroma tea; this was also 
observed Bokuchava and the oxidation tannins and amino acids atmospheric oxygen 
elevated temperatures, Kretovich and his associates noted the appearance fragrant volatile products 
during oxidation amino acids presence sugars elevated temperatures; this attributed formation 
aldehydes, some which, known, have characteristic odors. 


the basis number investigations the oxidative desamination amino acids 10-15] may 
assumed that oxidation amino acids presence tannins and polyphenoloxidase should proceed accord- 
ing tothe following general scheme: 


For experimental confirmation this scheme necessary prove the formation carbon dioxide, 
ammonia, and aldehyde, 


The formation carbon dioxide the oxidation amino acids presence tannins and polyphenol- 
oxidase teas was observed titrometrically with the use Conway vessels used for determination ammonia 
The outer compartment the vessel contained acetone enzyme preparation tea leaves, aqueous 
tannin solution and the amino acid, while the central compartment contained NaOH solution for absorb- 
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ing the carbon dioxide, Control experiments without added amino acids were also prepared, The results are 
shown Table 


seen from Table that addition amino acids the oxidized mixture more than doubled the amount 
carbon dioxide liberated the The evolution CO, during oxidation tea tannin alone is, ac- 
cording and Zaprometov the result oxidative splitting the catechin molecules the ac- 
tion 


TABLE TABLE 


Formation Carbon Dioxide During Oxidation Formation Ammonia During Oxidation Various 
Amino Acids Presence Tannin and Poly- Amino Acids Presence Tannin and Polyphenol- 
phenoloxidase oxidase Tea. 

Experimental conditions: 100 acetone enzyme Experimental acetone enzyme 
preparation from tea leaves, 100 amino acid, preparation from tea leaves, 1.6 tannin 
water; 30°; hours. water, amino acid; 30°; hours. 


Substrate Amino acids Ammonia,in 


Tannin 0.47 Valine 
Alanine 
Tannin alanine 1.04 
Tannin valine 1.16 Glycocoll 
Control (without amino 


acid) 


Attempts prove the formation during oxidation amino acids presence tannins.and poly- 
phenoloxidase tea involve experimental difficulties. Existing methods for determination plants are 
based its displacement the action dilute According our results, the analyzed material con- 
tains amino acids and tannins together, ammonia formed, and the results are significantly distorted. This am- 
monia the result desamination amino acids the quinones formed oxidation tannins atmospheric 
oxygen alkaline medium. were able show the microdiffusion method for ammonia determination 
that this defect may eliminated the addition ascorbic acid the analyzed material; according the 
results Bokuchava, Popov, and Shubert [5], ascorbic acid can reduce the quinone forms tea catechins the 


original unoxidized catechins, The necessary amount ascorbic acid, our experimental conditions, was ~200 
each determination. 


the use this modified method possible obtain experimental confirmation the formation 
ammonia during oxidation amino acids presence tannins and polypheoloxidase tea, both model ex- 
periments and fermenting tea, Table shows the results experiment which aqueous solutions tea 
tannin and amino acids were added acetone enzyme preparation from tea leaves, 


seen from the results Table that when amino acids are added the amount several times 
great the The same result obtained amino acids are added fermenting tea leaves. 


The results Table lead the conclusion that the amount ammonia displaced during oxidation 
different amino acids differs according the nature the amino 


From these results was expected that the ammonia content should increase during the processing 
tea leaf into manufactured tea. verify this, the above method was used determine ammonia different 
stages production (Table 4). 


The results Table show that the ammonia content increases the first technological stage withering. 
This can understood the light results £17], which sow that tannin partially oxidized 


during withering. The quinones which are formed from the catechins the process desaminate the free amino 
acids, the content which increases the result withering [19, 20]. 
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TABLE TABLE 


Formation Ammonia During Addition Various Contents Tea Leaves Different Stages 
Amino Acids Fermenting Tea Leaves Manufacture 


Experimental conditions: macerated two- leaf 
tea 500 micromoles amino acids; hours; Material Ammonia(in per 
dry weight) 


(in mg) Fresh leaf 0.47 


Glycocoll Withered leaf 0.64 


Amino acids 


Glutamic acid 0.39 After hours 

fermentation 0.92 

Lysine 


Control (without amino 
acids) 


TABLE TABLE 


Formation Aldehydes and Ammonia During Evolution Aldehydes Addition Various Amino 
tion Various Amino Acids Presence Tannin Acids Fermenting Tea Leaves 


and Polyphenoloxidase Tea 
Experimental macerated two-leaf tea 


Experimental conditions: 0,2 acetone enzyme shoots, 100 amino acid; 30°; hours. 
preparation from tea 1.6 tannin; 

water; 0.2 amino acid; 30°; Amino acids Aldehydes. (as 
acetaldehyde) 


Aldehyde, (as 
Amino acids acet- 


Ammonia 
(in mg) 


aldehyde 
Valine 
Valine 

Alanine Glycocoll 
Phenylalanine 


Glycocoll 


Control (without amino 


aline 
valine acid) 


amino acid) 


Table shows that desamination much more intensive during fermentation, when vigorous oxidation 
tannins takes place the roller-crushed leaf 


Conway vessels [18] were used demonstrate formation aldehyde oxidation amino acids the 
presence tannins and polyphenoloxidase mixture acetone enzyme preparation tea leaves, 
aqueous tannin solution, and amino acid was placed the outer compartment, while the inner compartment con- 


tained solution sodium bisulfite, trap volatile aldehydes, which were then determined iodometrical- 


was expected (Table appreciable amounts aldehyde are obtained only presence amino 
acids which give easily volatile the present experiment such amino acids are alanine, which pro- 
duces acetaldehyde with and valine, which gives isobutyric aldehyde with b.p. 61°. Oxidation 
glycocoll should give rise formaldehyde, However, did not prove possible detect means bisulfite 
owing its high reactivity, and particular its tendency Evidence for the oxidation glycocoll 
provided the data ammonia, also shown Table which indicate the clearly defined tendency glyco- 


oxidative desamination, comparison with other amino acids, very interesting fact that oxidation 
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valine presence tannin and polyphenol- 
oxidase tea: Experimental solution 
(aldehyde hydrazone); marker (isobutyric 
aldehyde Experimental condi- 
ascending chromatogram; acetylated 
paper (Leningrad 96% 
ethyl alcohol. The hydrazones were applied 
the paper ether solutions, Duration 
development hours 18- 20°, 


Epicatechin 


The formation carbon dioxide, ammonia, and aldehyde the process may represenied the tenta- 
tive scheme (Fig. which based data [4,13,15] the oxidation amino acids 


CHOH SHOH 
+40, +H,0 +R\CHNH,COOH H INHR,CHCOOHK CHOH HR,CHCOCH 
CH, 
N 


Fig. Scheme for the formation carbon dioxide, ammonia, and aldehyde. 


retards the evolution other aldehydes, 
particular, shown Table the aldehyde formed 
oxidation This effect, our opinion, can ex- 
plained the competitive action amino acids the 
orthoquinones formed during oxidation tannins poly- 


were also able prove the formation aldehydes 
direct addition amino acids tea 
The experimental conditions were the same the model 
experiment, but instead the polyphenol oxidase preparation, 


two-leaf tea shoots were used, 


Table shows that the case amino acids which 
give easily volatile aldehydes, considerable amounts 
aldehyde are absorbed bisulfite. The amino acids are de- 
saminated the orthoquinones formed fermentative oxida- 
tion tea leaf catechins. 


Paper chromatography was used for identification the 
volatile aldehydes formed the model experiments described 
above. The model experiments were carried out previously, 
with the only difference that the quantities reagents were 
polyphenoloxidase, washed remove water-soluble substances, 
taken, The aldehyde formed oxidation valine was dis- 
tilled off under vacuum 40° into 
hydrazine solution copious crystalline precipit- 
ate the hydrazone was formed the reaction between the 
aldehyde and the 


The hydrazone formed was compared with isobutyric 
aldehyde hydrazone chromatography acetylated paper 
with the use 96% ethyl alcohol solvent; similar values 
were obtained (Fig. 1). 


the basis the results obtained this investigation 
the oxidation amino acids presence tannins and poly- 
phenoloxidase tea can regarded oxidative desamina- 
tion amino acids orthoquinones formed oxidation 
catechins polyphenoloxidase, 
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SUMMARY 


The oxidation amino acids presence tannins and polyphenoloxidase tea consists oxidative 
desemination amino acids the orthoquinones formed enzymatic oxidation catechins, 


The formation carbon dioxide, ammonia, and aldehyde has been demonstrated the model system: 
polyphenoloxidase tea tannin amino acid, and also addition amino acids fermenting tea leaves. 


The secondary oxidation amino acids polyphenoloxidase tea presence tannins, apart from 
its great bilogical significance, considerable interest for the tea industry, sheds some light the 
formation aroma during fermentation tea, which one the most complex processes investigate. 


duty express sincere gratitude Prof. Bokuchava for valuable advice and attention 
the course this work. 
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EFFECT DENERVATION THE INTENSITY OXIDATIVE PROCESSES 
WHITE AND RED MUSCLES 


Chair Biochemistry, the Molotov Medical Institute 


Differences the composition and metabolism white and red muscles have been established 
number workers. 


Red muscles, which are rich myoglobin, differ from white higher respiration intensity and 
tive enzyme activity, and greater content glutathione and ascorbic acid, White muscles are richer 
energy sources— glycogen, creatine phosphate, adenosine triphosphoric acid, carnosine, and anserine. white 
muscle, metabolism proceeds mainly anaerobic route, while red muscles 
oxidative decomposition carbohydrates predominates [1]. The metabolic characteristics white and red 
muscles depend differences their functions and According Kaveshnikova [2], white 


dynamic muscles differ sharply from red static muscles the numbers nerve fibers and the form the 
motor nerve endings. 


the course studies some aspects metabolism muscle after denervation, was observed that 
denervation calf muscle produces changes which make similar red Thus, denervation 
calf muscle increases the glutathione and ascorbic acid contents, and raises oxygen consumption and catalase 
activity 4]. Since the metabolic levels characteristic white and red muscles are maintained the 


nervous system, seems likely that after denervation these muscles the features their metabolism will 
tend equalize. 


The purpose the present work was study the intensity oxidative processes white and red muscles 
after denervation. The intensity the oxidative processes was measured oxygen absorption, glutathione 
content, and catalase activity. the same time the activity pyrophosphatase, the enzyme which splits 
pyrophosphate, was the light modern knowledge pyrophosphatase probably plays definite 
role oxidative processes. was shown earlier that the activity this enzyme higher red muscles 
than white, Pyrophosphatase activity increases after denervation [5, 6]. 


METHOD 


Unilateral neurotomy was carried out adult rabbits sterile conditions the level the upper third 
the thigh. The muscles the other limb served control. The animals were killed decapitation 
various intervals after denervation, the gastrocnemius and soleus muscles were extracted, tendons and fascia 
were removed, and the muscles were then shredded. 200 samples muscle phosphate buffer 7.3 
were used for determination respiration apparatus (in The amount reduced gluta- 
thione was determined iodometrically. For determination catalase activity, 200 sample the tissue 
was thoroughly triturated with water and centrifuged. The experimental mixture consisted 
aqueous extract muscle, water, and hydrogen peroxide, The catalase activity was 


tract. 


For determination pyrophosphatase, 200 the tissue was macerated the cold with water 
and centrifuged. The experimental mixture consisted 0.5 borate buffer 7.4, sodium pyrophos- 
phate solution mg), 0.1 and aqueous muscle extract. After incubation for minutes 

water bath 38°, 10% trichloroacetic acid was added each the tubes except the controls; 


ap 
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28.15 33.6 19.3 68.5 32.0 —53.3 
61.5 25.2 69.5 62.7 9.8 
18.0 32.9 82.7 32.5 23.9 —26.5 
21.9 27.0 23,3 54,1 
18.3 37.0 35.2 —39.8 
21.25 73.1 34.4 12.0 
26.5 36.0 35.8 42.3 27.4 —35.3 
35.9 66.7 85.7 54.8 —61.5 

TABLE 

extract) 
Days gastrocnemius soleus 
after 

—13.7 


trichloroacetic acid was added the control tubes before introduction the extract. Phosphorus was determined 
the flitrate after precipitation the proteins, the method Fiske and Subbarow, 


RESULTS AND DISCUSSION 


The respiration muscles various animals after denervation has been studied numerous 
creased consumption oxygen was found denervated rabbit calf muscle [4], while experiments with frogs 
and toads decrease respiration intensity was found [7, 8], and experiments with rats there was significant 
difference the absorption oxygen normal and denervated muscles [9, 


Table shows, our experiments showed increase the respiration rate calf muscles after denerva- 
tion, agreement with the results obtained with the same experimental animals other authors [4]. also 
found that variations the change respiration rate after muscle denervation occur not only different species 
animals, but functionally different muscles the same animal (Table 1). 


TABLE 


Muscle Respiration. (In hour per 200 fresh tissue) 


Days gastrocnemius soleus 


tion 


The results show that the respiration normal red muscle (m. soleus) exceeds the respiration white 
muscle After denervation, the oxygen consumption the vigorously respiring red muscles 
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TABLE 


Reduced Normal and Denervated Muscles (in 


Days 


soleus 
after 
tion | 


control denervated change, 


52.7 85.9 +63.0 92.0 95.7 4.0 
80.0 +45.0 83.4 83.4 
56.4 +41.8 81.0 84.6 4.4 
52.7 58.8 101.8 83.4 —18.2 


TABLE 


Effect Denervation Catalase Activity (In 0.1 


Days | M. gastrocnemius M. soleus 

after 

control denervated change,% control denervated change, 

3,2 65.6 9.8 13.3 35.7 
20) 6,0 43.3 11.8 23.0 95.0 
3,4 7,1 +108.8 10.8 12.6 16.6 


decreases, while that the white muscles increases. The opposing courses the respiration rate changes red 


and white muscles after levels out the considerable difference 


thie respiration the norm al n scles, 
some stances ite enervated mu scle absori ed gen eéven more frat pidly ti ali rea, 


Similar behavior was found studies pyrophosphatase activity (Table 2), After denervation, the 


phosphatase activity white muscles increases, and red muscles, 


The difference the contents reduced gasirocnemius and soleus muscles also tends 
equalize after While the amount gluiathione increases the muscle, remains without 
significant change the second 


was found (Table that the catalase activity considerably 


higher red muscle than white, agree- 
ment with literature data. 


The activity the enzyme increases after denervation both cases, although 
rather smailer extent red muscle (Table 4). These experimental results show that denervated white and red 
muscles largely lose the specific characteristics their 


The white muscie approaches 


that red after denervation. possible 


the increased oxidation denervated muscle 
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reaction due sharp decrease the rate the glycolytic process.. The factors studied were not numerous, 
but they characterize the basic distinction between red and white difference the level oxida- 
tive processes, 


our opinion the results obtained may used determine which changes muscle are the conse- 
quences atrophy, and which merely accompany it. For example, likely that variations catalase 
activity are consequence atrophy. Probably increase the the muscle results relative in- 
crease the amount this enzyme present the tissue, The changes respiration intensity, pyrophosphatase 
activity, and glutathione content are not consequences atrophy, red and white muscles atrophy almost 
the same extent, But these changes are opposite 


The intensification oxidative processes after muscle denervation consequence the removal 
the regulating action the nervous system, which establishes definite metabolic level the muscles ac- 
cording functional demands. Denervation leads disturbance coordination the biochemical dynamics 
muscle, leading functional weakening and atrophy. After denervation the muscles lose their specific 


metabolic characteristics; this emphasizes the significance the nervous system maintaining given 
metabolic level. 


SUMMARY 


The oxygen consumption white muscle gastrocnemius) increases after denervation. Denervation 
red muscle soleus) leads decreased respiration, Changes pyrophosphatase activity occur the 


same The glutathione content white muscle increases after denervation, but practically un- 
changed red muscle. 


The changes catalase activity after denervation have the same direction white and red muscles, 


Because the opposite direction the changes the oxidative processes white and red muscles 
after denervation, the differences oxidative metabolism between these muscles are leveled out, The results 


show that normal innervation the muscle maintains the given metabolic levels characteristic red and 
white 
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REAMINATION PATHS THE ADENYLIC SYSTEM NERVE 
AND MUSCLE TISSUES 


Department Biochemistry, the Beritashvili Institute Physiology, Academy Sciences, 


Georgian SSR, Tbilisi 


Biochemical changes the adenylic system proceed mainly two phosphorus and amino 
nitrogen metabolism, has been shown that the renewal rate terminal phosphate and amino groups the 
adenylic system very high 2], However, while the phosphate group metabolism this sytem has been 
extensively studied, the nature the amino nitrogen metabolism still not well understood. This applies 
especially the reamination process, 


has long been established that adenylic acid desaminated during muscle fatigue [3, The view 
was also advanced that the inosinic acid formed the result desamination reaminated conditions 
aerobic rest [5, 6]. This hypothesis, however, was not verified experimentally. 


found studies glutamic acid metabolism rat brain homogenates [7] that the simultaneous 
presence glutamic acid and inosine triphosphate (ITP) there increase the amount ammonia libe- 
rated adenylic acid desaminase. was therefore concluded that the course glutamic acid metabolism 
its amino groups may utilized reamination the adenylic system. was shown the same time that 
neither amide nor ammonia nitrogen organic acids can used this reaction, 


[8] reported the same time that succeeded establishing transfer the amide group 
glutamine ITP inosine monophosphate (IMP) with the participation macroergic phosphate bonds 


rat brain homogenate. However, this view not confirmed either our earlier results [7] the results 
the present investigation. 


Dicarboxylic monoamino acids undergo numerous conversions the organism: desamination, transamina- 
tion, amidation, and decarboxylation [9]. Decarboxylation glutamic acid the brain has been recently 
demonstrated [10, 11]. was found that y-aminobutyric acid (y-ABA) which formed decarboxylation 


glutamic acid, and also the decarboxylation product aspartic acid, may with keto 
acids transamination reactions [12, 


present this paper the results study the participation glutamic acid, and 
nine reamination reactions the adenylic system. Experimental results reported published the form 
brief preliminary communications [14-16] are also summarized here. 


METHODS 


The experimeats were carried out with homogenates and acetone powder extracts rat brain and muscle 
tissues, 


Composition the reaction mixture. The homogenate was prepared the cold the presence 0.08 
potassium phosphate buffer its final concentration, the reaction medium contained 0.1 


0.04 potassium phosphate buffer, 0.012 NaF, 0.003 0.0033 ITP IMP, and substrate 
(amino group donor). 
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Experiments with undialyzed brain homogenates, The reaction rate was estimated from the increase 
the amount ammonia liberated adenylic acid desaminase the homogenate, The amount homogenate 
taken for each experiment was equivalent 100 tissue. The total volume the reaction mixture was 
1.25 The experiments were performed Thunberg tubes aerobic and anaerobic conditions. The tubes 
were incubated water thermostat 37° with constant shaking for 1.5 hours, HCl was then added the 
reaction mixture and desaminase preparation was Ammonia was determined the vacuum 
distillation method after one hour 


Experiments with undialyzed muscle tissue The carcass the animal was cooled ice- 
cold water, and the skeletal muscles were prepared and homogenized, The homogenate was made 1:4 dilu- 


tion, the homogenate centrifuged for minutes 8000 was taken for each experiment. The 
total volume the reaction mixture was 


Experiments with dialyzed extract acetone powder. The acetone powder was prepared homogeniza- 
tion brain muscle tissue acetone previously cooled to— The powder was extracted with cold 0.1 


powder muscle powder each The composition the reaction mixture was the 
composition given above. Ammonia was determined isothermal distillation some 
the experiments the acetone powder extract wad dialyzed for 3.5 hours the cold against solution contain- 
ing 0.1 and 0.04 potassium phosphate buffer. 


The quantitative determination amino acids was carried out the method electrophoresis paper 
[17], slightly modified. alcohol extract brain homogenized the cold was subjected electrophoresis 


paper 35x 0.5 acetic acid buffer 4.0, 500 current strength 2,5 mA, 
and temperature 1°, 


The electrophoresis was continued for hours, the paper was then dried, and the spot containing neutral 
amino acids was extracted Dent's method [18] for repeated electrophoresis 0.02 NaCl 
(pH 2,4) the same potential gradient for hours, Complete separation all the amino acids was effected 
this two- fold electrophoresis, Glutamic and aspartic acid, and B-alanine were 
determined after the first electrophoresis, and glutamine after the The amino acid spots were extracted 
with 50% methanol after development with ninhydrin, and the extracts were examined photometrically. 


Adenylic acid was identified electrophoretic separation paper and determination the absorption 
maximum the eluate with the aid spectrophotometer, The solution containing adenylic acid 
was treated with trichloroacetic acid remove proteins, and then with powder alkaline reaction, 
Mercuric acetate was added the filtrate precipitate nucleotides, Mercury was removed from the precipitate 
means hydrogen sulfide and the solution was applied the electrophoresis paper. The amount solution 
was equivalent 1.5 muscle tissue, The electrophoresis was carried out 0.02 NaCl 
400 and current strength 2.5 mA, 


these conditons adenylic acid displaced into the cathode The nucleic acid spots were 
loped Wade and Morgan's method [19]. 


Preparation reagents. Adenylic acid desaminase was prepared described Meshkova and Severin 
from rat skeletal muscle (third was prepared from ATP the method developed Kaplan, 
Colowick, and Ciotti [21]. Inosinic acid was prepared from minced meat Ostern Meshkova and 
method was used for adenylic acid y-ABA was prepared from nitrile and potassium 
phthalimide DeWitt [23]. was prepared from succinic acid imide [24]. Glutamine was obtained 
from beetroot Kretovich and modified method [25]. Glutamine was kindlyprovided 
Braunstein, 


RESULTS AND DISCUSSION 


the experimental conditions used, direct determination the products the reactions between the 
amino group donor and the oxynucleotide not possible, nerve and muscle tissue extracts have definite 
adenyldesaminase activity which cannot selectively eliminated, Therefore reamination the sys- 


tem was estimated from the increase the amount ammonia formed the reaction mixture presence 
the substrate and ITP IMP. 


Undialyzed brain homogenate contains number ammonia donors. contrast muscle tissue, am- 
monia during incubation brain homogenate follows ascending curve. The following should 
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the greatest significance ammonia evolution: glutamine and glutamic acid, adenylic acid, and amide 
nitrogen the terminal groups protein, was therefore necessary maintain definite conditions 
and perform control experiments for estimation ammonia liberated side reactions, 


Tsukada and Takagaki coneluded study the sources ammonia brain homogenates that 
increase ammonia content decrease the amount glutamic acid, Neither decrease 
the glutamine nor desamination adenylic acid, found the process. the other hand, Muntz 
showed that brain preparations form ammonia presence ATP conjugate phosphorylation reaction. 
Ammonia liberated from adenylic acid thisreaction the action specific Adenylic acid 
formed from ATP transfer the terminal phosphorus the acceptor and the action All 
these results suggest that the question sources ammonia the brain and muscle tissue requires special study. 


Formation presence ITP and amino group donors, was found study ammonia 
brain homogenate that the homogenate has both adenyldesaminase and glutaminase activity. How- 
ever, when glutamic acid and sodium fluoride were added the homogenate, this inhibited both new formation 
glutamine and its the other hand, was found that any added glutamic acid forms small 

amount ammonia only absence ATP Thus may that the experimental con- 


ditions used ammonia formed mainly desamination the adenylic 


Our experiments showed that addition glutamic acid and ITP homogenate incubated the conditions 
described above increases ammonia formation (Table 1), 


TABLE TABLE 


Increase Ammonia Content Brain Homogenate Increase Ammonia Content Extract Brain 

Presence ITP, Glutamic Acid, and Acetone Powder Presence and 

(Aerobic Control: homo- was added the end incubation, 

genate ITP, Ammonia micromoles per tissue) Aerobic conditions. Control: extract Ammonia 
micromoles per tissue) 


Glutamic acid 


The increase the amount ammonia brain homogenate presence glutamic acid and ITP might 
have been explained the activating action the latter the hydrolysis glutamine, formed from glutamic 


acid, However, this hypothesis incorrect, ammonia was also evolved when the amino group donor was the 
decarboxylation product glutamic acid, y-aminobutyric acid (y- ABA). 


The use y-ABA amino group donor was also studied extract from brain acetone powder, 
extract was made from the acetone powder give the same dilution the fresh tissue homogenate (Table 2), 


was presumed the basis the results the reamination the adenylic system nerve tissue homo- 
genate that glutamic acid can utilized for resynihesis muscle tissue homogenate also, However, this sup- 
position proved unjustified, increase the amount ammonia liberated the acid desaminase occurs 


muscle tissue homogenate presence ITP and glutamic negative result was also obtained with 


When was used the amino group donor, different results were obtained, added 
muscle tissue homogenate containing phosphate buffer, and and ions, increase the amount 
ammonia observed, musi remembered that muscle tissue homogenate large proportion the adenylic 
system present the form inosinic acid, which may reaminated the amino group the added 
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The resynthesized adenylic acid must again desaminated both the desaminase associated with myosin, and 
soluble inosine triphosphate added the homogenate together with B-alanine, ammonia 
evolution increased still further (Tabie 


Thus was shown that only can act amino 
group donor for this reaction muscle tissue, 


TABLE 


Increase the Amount Ammonia Rat 


Severin and Georgievskaya [28, 29] found that 
desaminated paste kidney tissue under aerobic con- 
ditions. This was confirmed Parshin, Goryukhina, and 
Gromyko Apart from these results, and also indications 
the participation B-alanine transamination 
reactions, further information available concerning their 


Skeletal Muscle Homogenate After Incuba- 
tion Aerobic Conditions Presence 
without Ammonia micromoles 
per tissue) 


ITP+ 


0.4 The necessity for the presence coenzymes, Experiments 
with brain acetone powder extracts showed that presence 

0.4 2.1 and increase innumber amino groups 

0.3 1.8 split off the desaminase, However, dialyzate tissue 
homogenate added acetone powder homogenate, there 

0.2 


9 . . 

2.4 increase the amount ammonia presence ITP and 
y-ABA (see Table Therefore water-soluble factor neces- 
sary for reamination the adenylic system, This raised the 


question pyridoxal phosphate, coenzyme for the aminopherase. 


Brain homogenate was used the first experiments with pyridoxal phosphate. pyridoxal phosphate 
was used each experiment (Table 


seen from the results Table that pyridoxal phosphate has positive effect both the case gluta- 
mic this positive effect also found anaerobic conditions, 


muscle tissue homogenate pyridoxal phosphate also has positive influence ammonia formation, but 
only presence (Table 5), 


dialyzed homogenate nerve muscle tissue taken for the experiment, added pyridoxal phosphate 
has positive influence ammonia formation either presence ITP presence increase 
the amount ammonia found only when either boiled extract muscle nerve tissue 
added the reaction mixture addition pyridoxal phosphate, The explanation this either that the 


amount pyridoxal phosphate taken insufficient for saturation the enzyme, that additional factor 
required produce the effect. 


TABLE 


Effect Pyridoxal Phosphate Increase Amount Ammonia Brain Homogenate Presence Gluta- 
mate, ITP, and homogenate Ammonia micromoles per tissue) 


Aerobic conditions Anaerobic conditions 


Glutamate Glutamate 


ITP 

ITP pyridoxal phosphate ITP ITP pyridoxal phosphate ITP 
1.9 2.7 2.0 
5.0 2.3 2.1 
1.8 0.8 

0.9 0.4 
0.3 
2.4 1.1 
0.9 0.5 

396 


TABLE 


Effect Pyridoxal Phosphate Ammonia Formation 
and ITP(Aerobic conditions, homogenate 
Ammonia micromoles per tissue) 


pyridoxal 


hosphate 


TABLE 


Increase Ammonia Content Dialyzed Extract 
Brain Acetone Powder Presence Acid, 
and Desaminase added the end in- 
Control: extract inosinic acid. Ammonia 


Q 


Y-ABA IMP Glutamic acid IMP 


Inosine triphosphate and inosine monophosphate amino group all the above experiments 


ITP was used the amino group acceptor, the assumption that its presence necessary stimulate glutamic 
acid metabolism. The question possible replacement ITP inosine monophosphate then arose. Experi- 
ments with brain preparations showed that ITP may replaced IMP. musi remembered, however, that 
experiments with centrifuged homogenate with acetone powder extract ITP had positive influence 
ammonia formation, these conditions addition acid and not ITP produces increase the 


amount ammonia (Table 


TABLE 


Increase the Amount Ammonia Dialyzed and 
Centrifuged Extract Acetone Muscle Powder 
Presence B-Alanine and Desaminase was 
added the mixture after Control: 
dialyzed extract. Ammonia micromoles per 
powder) 


TABLE 


Increase the Amount Ammonia Brain Homo- 
genate Presence ATP and Aerobic 
Controls: homogenate substrate, 
homogenate ATP. Ammonia micromoles per 
tissue) 


conditions. 


ATP glutamic ATP Y-ABA 


acid 


ATP glutamine 


Analogous results were obtained experiments with muscle tissue. The extract was centrifuged before 
dialysis. solution with weak desaminase activity was obtained. and ITP are added this solu- 


tion, there increase the amount ammonia liberated the action 


Pyridoxal 


phosphate together with the water-soluble coenzyme also did not have any 


Different results are obtained the presence The results Table show that presence IMP 
the formation ammonia greatly increased dialyzed and centrifuged extract. 


Thus may concluded that ITP cannot act amino group acceptor centrifuged and dialyzed extracts 
whether nerve muscle tissues. seems likely that reamination the adenylic system undialyzed and 
and uncentrifuged homogenate occurs only ITP IMP the result dephosphorylation. 
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Effect ATP formation, Lyubimova and Matlin found that the desaminase associated 


with myosin activated nucleotide, Weil- Malherb [32] suggested that this coenzyme ATP, and con- 


firmed the presence desaminase the brain, earlicr discovered Muntz This desaminase 
has weak activity purified form, but its activity fully restored after addition view this fact, 


studied the effect ATP the reverse process, namely With this aim view, ATP instead 


ITP was added brain homogenate, 


The results Table show that ATP had influence ammonia formation only presence 
glutamate and glutamine, ATP had the experiment with y-ABA, may assume that the positive 
influence ATP ammonia evolution due its effect the decarboxylation glutamic 


Change the amino acid content incubation the homogenate, order prove that formation 


ammonia our experiments was not caused side reactions, thought necessary demonstrate the par- 
ticipation inosinic acid this reaction identification the adenylic acid formed, and the participation 
the amino acids quantitative their consumption the course 


TABLE 


TABLE 


Change Amino Acid Contents After One Hour Incuba- Variation the Content In- 


IMP per 200 tissue 1.5 mixture. mg% Amount added equivalent 
amino nitrogen) mg% amino nitrogen, per 


Incubation 


200 tissue, Volume reaction medium 
acid 1.5 Results mg% amino nitrogen) 


conditions 
Aerobic conditions 
conditions 
Without 10.5 4.6 6.8 


Aerobic Conditions 


presence 


IMP 8.6 4.5 Without IMP 28.3 
presence IMP 18.8 


Anaerobic 


Without IMP| 10.6 4.2 1.2 Anaerobic conditions 
Without IMP 24.5 


presence 
IMP 9.9 3.3 5.7 presence IMP 21.3 


was found that IMP produces decrease the glutamic, y-aminobutyric, and aspartic acid contents 
during incubation brain homogenate (Table 9). 


the basis the data Table not possible determine whether glutamic and aspartic acids are 
used direct transamination reactions with IMP, However, view the fact (Table that more ammonia 
produced presence y-ABA than with glutamic acid, and that glutamic acid does not intensify ammonia 
formation muscle tissue homogenate presence IMP, seems likely dicarboxylic acids 
may participate reamination the adenylic system after decarboxylation, This possibility also supported 
the fact that found after incubation brain homogenate presence added aspartic acid. The 


decrease the aspartic acid content presence inosinic acid may its consumption the 
formation 


Quantitative determinations the decrease added B-alanine proved that B-alanine consumed during 
incubation the homogenate presence inosinic acid, Brain homogenate was also used these experiments. 
The results Table clearly show that the loss increased presence inosinic acid. 


Indentification adenylic acid, Identification adenylic acid difficult the experimental conditions 
used, immediately desaminated The use muscle tissue homogenate was preferred, the 
insoluble desaminase completely removed from centrifugation 8000 for minutes. 
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retard the action the soluble desaminase, the magnesium concentration was trebled, and the sodium 
flucride concentration doubled, the reaction medium. The centrifugate was first dialyzed, and 
pyridoxal phosphate was then added. these conditions the aminopherase activity remained practically un- 
changed, while the soluble desaminase activity decreased considerably. 


After electrophoresis the solution, the spot containing adenylic acid was cut out and eluted with water. 
the eluate was analyzed means the SF-4 was found that the absorption maximum 
the eluate coincided with the absorption maximum standard adenylic acid solution. 


Thus, our hypothesis that the intensified ammonia formation nerve and muscle tissue homogenates, 
presence glutamic acid, y-ABA, and inosinic caused transamination reactions also 
proved identification adenylic acid electrophoresis paper followed spectrophotometry. 


SUMMARY 


When rat brain homogenate incubated presence potassium, magnesium, and phosphate ions, and 
with one the following amino acids: glutamic, the one hand, and with 
either inosine triphosphate inosine monophosphate the other, ammonia muscle tissue homo- 
genate, ammonia formation presence inosine triphosphate inosine monophosphate only intensified 
addition but not glutamic y-aminobutyric acid. 


shown that the consumption glutamic, aspartic, and y-aminobutyric acids, and 
increases homogenate incubated presence inosine monophosphate. 


The reason for the intensified formation ammonia simultaneous presence one the above amino 
acids brain homogenate, muscle tissue homogenate, with inosine monophosphate, 
formation adenylic acid which rapidly The formation adenylic acid confirmed its 
identification paper electrophoresis followed spectrophotometry. 


Inosine triphosphate used amino group acceptor only after 


The results show that transamination reaction involved. This reaction stimulated pyridoxal 
phosphate and water-soluble, thermostable coenzyme. 


There are reasons for believing that glutamic and aspartic acids participate transamination reactions 
with oxynucleotide only after decarboxylation. 


Received February 1956 
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SOME FEATURES ARGININE METABOLISM BIRDS 


Bauerova and Sorm 


Biochemical Division the Chemical Institute, the Czechoslovak Academy Sciences, Prague 


Two very important enzyme systems participate arginine metabolism; they are arginase and glycine 
transamidinase, which catalyze the biosynthesis urea (Reaction glycocyamine (Reaction 


arginase 


arginine 


NH, 


NH, 


ornithine transamidinase 
NH, NH, 
arginine glycine 


NH, NH, 
ornithine glycocyamine 


Arginase has been studied very intensively during the’ past fifty years, but far less work has been done 
transamidinase, which was discovered relatively recently [1]. these investigations the properties the enzyme 
and its localization the animal organism [1] were studied, was found that the enzyme which catalyzes 
the transfer the amidine group from arginine glycine contained mammalian kidneys. regards birds, 
weak glycine transamidinase activity was found all the organs the pigeon other studies trans- 
amidinase birds have been made, 


probable that the two arginine and are definite dynamic equilibrium, 
they have common substrate, mammals very active arginase found the liver, while the kidneys, 
which were shown contain glycine transamidinase, arginase has much lower activity. contrast this, 
birds have very active arginase the This led the conclusion that glycine transamidinase birds 
all probability contained the therefore studied greater detail arginase activity the livers 
birds, the presence this enzyme the debatable [5,6]. 


order form opinion some aspects arginine metabolism birds general, studied, addi- 
tion pigeons and hens, which provide the usual experimental material birds, also the partridge 
(Perdix perdix), pheasant (Phasianus colchicus), raven (Corvus frugilegus), jay (Garrulus glandarius), magpie 
(Pica pica), jackdaw (Coleous monedula), gull (Larus ridibundus), and kestrel(Cerchneis 
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EXPERIMENTAL 


Domestic fowls (Leghorns) and pigeons were obtained from poultry farm; gulls, partridges, and pheasants 
were caught while feeding, young magpies were taken from nests and reared the laboratory, The other birds 
were shot, 


The birds were fed diets corresponding their normal food composition. Feeding was stopped 
hours before the experiment, Starving birds were used for studies the activity arginase and transamidinase 


during protein decomposition, feeding untamed birds with unfamiliar food very difficult. The 
birds were supplied with unilimited water while starving. 


The birds were killed decapitation immediately before the experiments; part the breast muscle, 
liver, and kidneys were immediately removed and cooled the case shot birds the organs studied 
were removed immediately after death and placed test tubes which were kept with ice. The sub- 
sequent treatment was carried out the following day the The method killing, and the time 
interval between death and the experiment did not effect arginase and transamidinase activity. 


The cooled tissues were homogenized with triple the amount water Potter and Elvehjem homo- 
genizer, and the tubes with the homogenate were then immediately placed vessels with ice. the 
homogenate with the addition 0.5 M/15 phosphate buffer 7.0, 0.5 the solution 
containing 2.1 arginine hydrochloride and 1.5 glycine, was incubated for hours the end 
the incubation the enzyme reactions were stopped heat 100° for minutes, The decrease the amount 
arginine and increases glycocyamine and urea were then determined the filtrate. Arginine and glycocy- 
amine were determined the Sakaguchi reaction after separation paper chromatography [3]. Urea was also 
determined colorimetrically, means the reaction with diacetyl monoxime and tryptophan the method 


Orekhovich and Tustanovsky [7]. This color reaction was estimated means Coleman 


addition arginine and glycine, samples incubated with glycocyamine, and was found that 
glycocyamine does not change further the experimental conditions used any the birds except the kestrel, 
that all the glycocyamine formed the course incubation was found the determinations, 


Citrulline, which associated with arginine metabolism, gives the same color reaction was used 
urea determination, and the possible formation citrulline addition arginine kidney homogenate was 


investigated qualitative chromatography The formation ornithine was also determined these 
tests the same time, 


The results represent average values for experiments with 4-8 birds; the only exception was for the kestrel, 
where only one experiment was carried out owing lack material. 


RESULTS 


studies transamidinase activity, the glycocyamine contents the liver, kidneys, and breast muscles 
the birds were determined (Table 1). 


TABLE 


Glycocyamine Content Liver, Kidneys, and Muscle 
was found that the livers Galliformes contain 
Birds. (In mg%) 


very active glycine transamidinase (Table 2). Weak gly- 
cine transamidinase activity was also found livers 
Corvidae, gulls, and pigeons, increase glycocy- 
amine was found kestrel liver homogenate, but all the 
preformed glycocyamine disappeared during incubation, 
Therefore cannot concluded that predatory birds 
not have glycine transamidinase the liver. 


Transamidinase Bird Livers 


Muscle 


Hen 

Cock 

Hen pheasant 
Cock pheasan 
Jackdaw 
Magpie 
Kestrel 


the Galliformes, domestic fowls have the most 
active transamidinase, The formation glycocyamine 
the partridge and pheasant rather less intensive. 
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TABLE 


Transainidination Bird Livers 


Glycocyamine Bird Glycocyamine 


Domestic fowl, female 300 Gull 
Domestic fowl, male 492 Pigeon 
Partridge, female Raven 
Partridge, male Jay 
Pheasant, female 164 Magpie 
Pheasant, male 201 Jackdaw 


all the Galliformes studied, the cocks had much more active transamidinase than the hens, sex 
variations transamidinase activity were found the other birds, 


Transamidinase Livers Starving Galliformes 


The general condition the bird has considerable influence the formation glycocyamine the 
livers Galliformes, The amount glycocyamine formed during starvation particularly low (Table 
influence starvation the activity glycine transamidinase liver homogenates domestic fowls much 
more prominent cocks than liver homogenate cocks starved for eight days the glycine trans- 
amidinase activity fell 87%, while hens fell only 16%, and further starvation (11 days), 58%. 


TABLE TABLE 


Transamidinase Activity Livers Starving Arginase Livers Bitds 


Birds (In glycocyamine per Arginine Urea formed, 


days 
Hen 
Domestic fowl, female Cock 
Domestic fowl, male Chick 


Partridge, female Partridge, male 
Partridge, male Magpie 386 
Jackdaw 1747 
Kestrel 1104 


Transamidinase Kidne and Muscle 


Glycine transamidinase found kidneys the birds studied, Small amounts are 
formed from muscle homogenates only the case domestic fowls. 


Arginase Livers Birds 


with each glycocyamine determination the decrease arginine was determined; considerable 
differences this respect were found between liver homogenates domestic fowls the one hand, and 
Corvidae, gulls, and kestrels, the other, these birds arginine undergoes vigorous metabolism, while do- 
mestic fowls the arginine metabolism very slight. 
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order determine whether these differences are caused different living conditions, different food, 
whether they are specific, wild Galliformes— partridges and were used, was found that the de- 
crease arginine content liver homogenates the partridge and pheasant during incubation considerably 
greater than domestic fowls, but the gull and the arginine metabolism the liver much 
greater (Table 4), Galliformes the arginine metabolism rather greater cocks than hens, sex 
differences were found the arginine metabolism other birds, 


Considerable differences the biosynthesis urea were also found amoung the birds studied (Table 4). 
Corvidae and the kestrel have very active arginase the liver, while wild Galliformes the arginase activity 
the liver much less, domestic fowls, the maximum arginase activity found the liver the chick. 
Arginase activity the cock very low, while active was detected The amount urea 
found jackdaws was always greater than would correspond the loss arginine, that probably the liver 
the jackdaw contains, addition arginase, also the other enzymes the ornithine cycle, 


The arginase activity not given the usual units here, was determined after incubation, the 
and duration which were adapted 


all cases when urea was formed, increase ornithine was qualitatively detected. increase 
citrulline was found any instance, 


Arginase Activity the Livers Starving Galliformes 


The arginase activity the livers Galliformes increases starvation (Table 5), The change enzyme 
activity starvation most prominent month old hen chicks), the hen, which normally does 
not have active arginase the liver, very weak activity appears after week starvation, Distinct arginase 
activity was found only hens starved for 


TABLE TABLE 


Effect Starvation Arginase Activity Livers 


Galliformes 
With 
feeding| 


Arginase Kidneys Birds 


Decrease 
arginine, 


Urea formed, 
tissue 


starvation 
days days 


Cock Partridge 98.7 107 
Chick Jackdaw 97.6 1974 

Magpie 99.3 1328 
Partridge, male Kestrel 98.6 1061 


This difference may attributed the fact that adult fowls have considerable reserve food materials, 
and therefore the effect increased protein catabolism starvation appears later, 


Arginase Kidneys Birds 


Arginine metabolism very vigorous kidney all the birds, but far less arginine con- 
verted into urea Galliformes than the other birds studied (Table 6). 


DISCUSSION 


The original assumption that active glycine transamidinase found the livers birds was justified, 
according our results, only for Galliformes. The view that arginase present bird livers [6] also valid 
only for domestic fowls, this enzyme was found all the other birds investigated. 
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Considerable differences the arginine metabolism and arginase activity were found liver homogen- 
ates different The liver the cock contains very little active arginase, wild Galliformes rather 
arginine converted into urea, while fairly active arginase found the livers Homo- 
genates and jackdaw livers had the greatest arginase activity. 


the basis these results concluded that the arginase activity liver homogenates depends 
the protein content the normal 


domestic fowls (omnivorous) which receive food with high preponderance carbohydrates, arginase 
activity the liver astonishingly low. The food wild Galliformes more varied, and does not con- 
tain such high proportion grain the food domestic fowls. Accordingly, the former have higher 
arginase activity the Corvidae and the kestrel, the food which proteins predominate, have 
still higher arginase activity the liver. 


This view the relationship between the amount protein broken down and the arginase activity 
bird livers poses further question, was necessary decide whether these differences arginase activity 
the liver arose and became fixed the course phylogenesis normal assimilation definite type 
food, whether they constitute unstable property which directly depends the actual living conditions, 


This question was answered experiments with starving Galliformes. was found that during starva- 
tion arginase activity the livers these birds always increases, and found even hens, which 
arginase found the liver with normal feeding. However, domestic fowls the arginase activity the 
liver never reaches such high values starving partridges. This means that domestic fowls not adapt 
themselves easily partridges metabolic changes, possible explanation that domestic fowls have 
for countless generations been supplied with food which carbohydrates predominate, and possible that 
because this their enzyme activity less adaptable increased protein metabolism, Conversely, part- 
ridges undergo periods starvation, and the resultant metabolic fluctuations are more easily leveled out 
changes enzyme activity. 


our view, study the enzyme activity different organs various physiological states 
able basis for increasing our knowledge phylogenetic development and relationships between 
SUMMARY 


Studies arginase and glycine transamidinase birds showed that the livers jay, magpie, 


jackdaw, gull, and kestrel contain highly active arginase, while the glycine transamidinase activity the 
livers these birds very low. contrast, the livers Galliformes were found have low arginase ac- 
tivity and more active glycine transamidinase. Variations the activities both enzymes during starvation 
were studied. 
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CHROMATOGRAPHY INSULIN ION EXCHANGE RESINS 


Institute High Molecular Compounds, Academy Sciences USSR, Leningrad 


Chromatographic separation and purification number proteins not very high molecular weight 
and with high isoelectric points (lysozyme, ribonuclease, cytochrome has been recently successfully carried 
out the carboxylic cationite Amberlite IRC-50 [1]. This resin has also been used for chromatographic separa- 
tion some neutral proteins [2]. Chromatographic separation proteins with low isoelectric points has been 
effected only with anion exchange resin [3], All these investigations used elution chromatography, that 
considerable amounts adsorbent were used separate small amounts protein, The data the papers 
cited, and other similar investigations [4], show that the sorption capacity for proteins all the ion ex- 
chage resins used low, the order 2-10 mg/g. exception provided the high capacities pro- 
tein sorption obtained Tislius [5], but not with resins, but calcium phosphate and silica gel. 


For study the sorption and elution insulin ion exchange resins and for the development 
method for laboratory purification this protein necessary study conditions which high sorption ca- 
pacities for insulin are obtained and also conditions for its complete elution. 


Sorption Insulin Ion Exchange Resins 


The sorption proteins with high and medium isoelectric points can proceed high capacities car- 
boxylic ion exchange resins, these compounds have basic properties. All compounds with weak basic 
ties, among them proteins containing large amounts acid amino acids, should sorbed high capacities 
predominantly strongly acid sulfonated resins, was therefore natural use resins containing 
sulfonic groups for sorption insulin [6, 7], Moreover, was shown [6] and others [8], the capacity 
ion exchange resins for ions large size depends the degree swelling the resins, which primarily 
determined the degree cross-linking, the number binding groups introduced during synthesis the 
resin produce insoluble three- dimensional polymer. seemed likely that appreciable sorption proteins 
would occur only with strongly swelling 


The sorption insulin ion exchange resins was studied the dynamic method, solution insulin 
containing 0.1 mg/ml was passed rate ml/hour through column high and 5-10 
diameter, containing resin. The sorption capacity was determined from the elution curves for the 
saturated resins. The insulin concentration was determined nephelometrically, from the turbidity formed with 
trichloroacetic acid. The turbidity was estimated spectrophotometrically 400 mu. 


Preliminary experiments with carboxylic resins (in the sodium form) gave low sorption capacities for in- 
Carboxylic resin KMT with swelling coefficient 2.8 adsorbed insulin per gram re- 
sin, carboxylic resin KFU with 3.2 adsorbed mg/g insulin, and the strongly swelling, gel-like KFU re- 
sin with 10.2 had capacity mg/g. All the resins were used finely divided the speci- 
mens were sifted through gauze with 3600 holes per mesh), and excessively small particles were 
removed sedimentation (the fraction which settled out minutes from height 10-12 was used). 


Quite different results were obtained experiments the sorption insulin sulfonic resins. Con- 


siderable capacities were found even for sulfonic resins which did not have very strong degrees swelling 
(Table 1). 
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TABLE TABLE 


Sorption Insulin Sulfonic Resins Sorption Insulin SBS Resin with 


Various Grain Sizes 


Resin Sorption capacity for 


insulin, 


Grain size 
mesh) 


Sorption capacity for 
insulin, 


42-60 
60-150 


more detailed study was made the sorption insulin SBS resin, individual samples which had 
different swelling coefficients, very high values (strongly swelling resins), Fig. shows the capacities 
SBS sulfonic resin for insulin, determined the dynamic method. 


Very large amounts 320 
are sorbed when the swelling coefficient reaches 
The fact that sharp increase capacity 

occurs the transition from strongly cross-linked 


easily swelling resins the range 3-4 
. sf: . Ses . 

significant. This transition resins the in- 
ternal porosity which allows the insulin mole- 
Ou. 

cules penetrate into the grains. 

SBS resin with the sorption capacity 


a 


ing grain size due, one hand, the greater 

probability that the large insulin molecules are 

adsorbed the grain surfaces rather than within 


Fig. Sorption capacity SBS resins for insulin func- 

the grain, and the other, probably also 

kinetic slow diffusion insulin into the 


grain, 


Elution Insulin from Ionites Dynamic Sharpening the Ion Zone 


Boundary the Case Weak Dissociation 


Displacement sorbed substances into solution static conditions based shift equilibrium into 
the direction desorption these substances, dynamic conditions, addition, the formation sharp 
boundary between the displaced substance and the substance displacing plays decisive role. 


was shown Partridge al. [9] that the displacement from ion exchange resins ions substances 
which are incompletely dissociated solution may based change the solution direction 
which the degree dissociation. the displaced substances decreased. This effect was explained terms 
static displacements equilibrium [9, Another aspect the the conditons for formation 
sharp boundary between the displaced and the displacing has not yet been considered, Nevertheless, 
equilibrium spreading the boundary takes place, very difficult obtain appreciable yield the dis- 


placed substance any measurable height the chromatographic column, owing the formation chroma- 
tographic 


The conditions for formation sharp ionic boundaries ion exchange chromatography completely dis- 
sociated substances have been determined one the present authors consider here the possibility 


SBS 4.5 150 
SNF 3.4 
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formation sharp boundaries between ionic zones ion exchange chromatography (in ion exchange 
ment) the case weakly dissociated 


previously the starting equations will be: 


The material for each type ion: 


— «= — + 


the concentration given type ion certain section the column; the amount ion 
sorbed (in column height); the distance from the top the column; the volume solution flow- 
ing through; the pore voluine the column height. 


The Nikolsky ion exchange equation 


“ 


where and are the ionic charges; the exchange constant, 


The condition for constant capacity the resin: 


where the exchange capacity the resin, 


The equivalence condition ion exchange between and resin: 
(4) 


where and are the degrees dissociation the substances, and the concentration the original solu- 
tion introduced into the column. 


According Equations (3) and (4), there the same definite relationship between the variables 
and and also between and and are constant) for the displacement one ion another the 
column, Consequently, Equation (1) may solved for each kind ion separately. 


reduce Equation (1) the form: 


According Equation (5), sharpening the front will occur if, for the displacing ion (for which the leading 
boundary considered) <0, whiile for the displaced ion (for which the trailing boundary considered) 
Since not have inflexion, can determine the sign the derived 


For the exchange uni-univalent ions 
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Cy 0 


(7) 


The derivative negative the curve the coordinate origin above the linear position, 
the condition: 


(8) 


Thus, this condition corresponds sharpening the boundary between the two ions, the above con- 
siderations, the boundary becomes diffuse when: 


The conditons for sharpening the boundary the exchange ions with different valencies can deter- 
mined similarly. Close zero concentration: 


follows from Equations (10) and (7) that sharpening the ionic zone boundary will occur the condition 


that: 


if < 


the condition that: 


(12) 


The Inequality (8) shows that, for the formation sharp ionic boundary ion exchange chromatography, 
the exchange constant (with the displacing ion regarded the first ion) for the exchange uni-univalent ions 
must have considerable magnitude, the exchange ions with different valencies, the boundary becomes 
sharper increase the concentration the univalent displacing ion decrease the 
concentration the multivalent displacing ion [Inequality These results cannot always used for passing 
from diffusion sharpening conditions for the boundary definite systems, very difficult vary the ex- 
change constant definite system (two can done within certain limits changing the sol- 
vent [12]. the same way, the possibilities provided changes concentration the exchange ions 
different valencies are not very great. The concentration increase confined the range solutions, 
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while much greater concentrations are often needed satisfy the conditions for boundary sharpening. the 
other hand, considerable decrease concentration with the use multivalent displacing ions results cor- 
respondingly low concentrations the displaced ions. 


Much greater possibilities occur the case the displacment weakly dissociated substances for obtain- 
ing the conditions for sharp boundary. The conditions for sharpening the boundary, shown the In- 
equalities (8), (11), and (12), depend the degree dissociation, which can varied over very wide range 
(several orders magnitude) change solution The probability sharp boundary formation increases with 
decreasing degree dissociation the displaced substance, This fact may used the insulin 
from ion exchange resins, Table shows the results obtained the displacement insulin from SBS-3 sulfonic 
resin conditions (column high) with different values borate buffer solution, Salt concen- 


buffer solution also important insulin elution. Concentration increase favors insulin displacement 
(see Table 


TABLE TABLE 
Displacement Insulin from Resin Various Displacement Insulin from SBS-3 Resin Solutions 
_of Different Concentrations with 
Eluant Insulin Maximum insulin Molar concen- Insulin Maximum insulin 
yield,% concentration tration b.b. yield, concentration 
8.13 0.2M 0.08 0.05 
9.0 0.2M 0.10 0.750 
B.b. 9.9 0.2M 
NH,OH 100 Preparacion Insulin Labeled With 


} = > > 
B.b. borate buffer solution. For the development preparative method 


for separation insulin from protein mixtures 
necessary have method for the analytical insulin presence other proteins, The method 
biological analysis not suitable because the necessity for carrying out large numbers 
Therefore insulin was prepared order have simple method for the quantitative determinations 


Insulin labeled with and prepared various chemical and biological methods [13] and also 
radioactive zinc have already been used number investigations. used different method for in- 
troducing the labeled atoms into insulin, based the Fraenkel-Conrat reaction between proteins and amino acids 
The method depends the formation addition compound the reaction insulin with glycine 
labeled with presence formaldehyde. 


prepare insulin labeled with solution was prepared containing insulin formaldehyde 
2-4, and ordinary glycine was added give concentration, together with glycine 
(133 microcurie/ per solution. The solution was left room temperature for 2-3 days and then dialyzed 
against water acidifed with hydrochloric acid The dialysis was concluded when the radioactivity the 
dialysis bag ceased check the complete separation labeled glycine from labeled insulin, 
the dialyzed solution was filtered through resin with the form) which had been and 
sifted through 150 mesh sieve. The sorption capacity this resin for was previously determined 
breakthrough dynamic conditions; the value was mg/g. Resin SBS-1 did not adsorb any insulin. The 
resin was taken excess calculated the worse alternative the supposition that all the radio- 
activity the solution was due glycine not removed All the radioactivity determinations 
from were made with the aid MST-17 counter and the type counter apparatus. each 
determination 0.1 solution, containing mg/ml insulin, was applied stainless steel plate 
diameter. The and the plate was fixed definite way front the counter, The 
error was 3%, 


means the "molecular method (separation glycine from protein means strongly cross- 
linked SBS-1 resin) proved possible obtain labeled insulin completely free from labeled glycine. means 
the method described, the glycine taken (calculated from the radioactivity) was incorporated the in- 
sulin. The necessary experiments were performed confirm that the chromatographic labeled insulin 
with incorporated glycine the same that unchanged insulin. 
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Fig. Elution curve for insulin SBS resin 5.2): Column 
labeled insulin (1600 impulses/ minute per mg); cluant 
Radioactivity data; nephelometric data. 


small amount labeled insulin was added solution crystalline insulin, The insulin was adsorbed 
column containing SBS-1 resin with =6; high and The column was eluted 

low speed with the experiment lasted more than twenty-four hours, the fractions were collected 
with the aid the automatic fractionating collector described previously [6]. 


The points obtained nephelometric analysis and radioactivity determinations coincide the elution 
curve (Fig. 2), which shows that the mobilities labeled and crystalline insulin chromatographic migration 
are identical. Therefore subsequent determinations insulin extracts and solution was sufficient deter- 
mine the initial insulin concentration once, add definite quantity insulin the solution, and then 
subsequent analysis determine only the radioactivity, from which the total concentration easily 
calculated. 


Chromatographic Method for paration Insulin From Pancreas Extract 


The starting material used was aqueous fat- free extract cattle and pig pancreas (from the endocrine 
preparations factory the Leningrad Meat was obtained after removal alcohol from acid 
alcohol pancreatic extract and separation the fat and lipoid layer settling. The aqueous extract gave 
12-13% residue after drying 105° constant weight, and contained ash and mg/ proteins, deter- 
mined nephelometrically the reaction with trichloroacetic acid. The insulin concentration the extract was 
IU/ (or approximately 0.25 mg/ ml); the the extract was 2-3. Experiments with insulin 
were carried out determine the capacity SBS resin for insulin from the extract. 


The usual frontal method proved unsuitable for this, was difficult determine the activity the 
labeled insulin added the extract the exit from the column, after evaporation the solution. The layer 

formed was too great, and therefore most the were absorbed the layer dry Another 
method was therefore used for determination the sorption capacity for insulin. 


definite quantity labeled insulin was added the extract. The insulin was adsorbed the extract 
cationite (SBS with 4-5) dynamic conditions, with the following ratios: 200 
50, The insulin was then eluted from the column The radioactivity the 
eluate was determined. The yield radioactive (and therefore total) insulin was less than 100% the first ex- 
periment only. Thus the, breakthrough sorption capacity for insulin extract was over 
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mg/g. must noted that the original 
solution became somewhat turbid the course 
the experiments, and after filtration 
contains one-third less the activity, and 
therefore 


subsequent work the preparation 
insulin from aqueous extracts the amount 
resin used was calculated the basis 
sorption capacity 20-40 mg/g. The 
insulin sorption rate was 
1-2 


insulin/ 
imp/ min, ml. 0.1 


Fig. .shows one the elution curves 
Fig. Elution curve for insulin SBS resin obtained for the elution insulin, adsorbed 
sulin was adsorbed from pancreas extract which from aqueous extract cattle pancreas, 
insulin (315 had been means NH,OH. The total protein con- 
added; eluted Radioactivity data; nephelo- the eluate was 20-30% the initial 


metric data, value, This value agreed, accuracy 


20%, with the amount insulin the original 
extract, and this, together with the complete chromatographic separation insulin demonstrated the previous 
indicated high degree purification the insulin. The experiments the chromatographic 
purification insulin were carried out obtain the insulin, the eluates were dialyzed after acidification 
and the resultant solution was dried freezing under vacuum, 


The insulin obtained did not completely dissolve However, the fraction which did not dissolve 
these conditions was soluble phosphate buffer Both protein fractions had the same specific biological 


activity 15-17 


When the process was carried with lower protein content the extract per gram resin in- 
sulin the commercial aqueous per SBS resin), the degree purification the shown 
radioactivity and nephelometric data was not any greater, and this was confirmed analysis the biological 


activity. follows that the purification insulin our chromatographic process effected selective sorp- 
tion and elution 


Control experiments showed that, for the resin with 4.5 which was used for most the work with com- 
mercial extract, the sorption capacity for proteins with higher molecular weights (serum albumin and globulins) 
about times low the sorption capacity this resin for insulin. The displacement these proteins 
NH,OH also much less effective. Thus, our method based the "molecular sieve" principle; only mole- 
cules definite size (insulin) penetrate into specially selected resin with definite degree swelling. The 
sorption capacity for larger molecules considerably 


one the elution experiments (in which the protein load the resin was low), the protein peak which 
coincided with the peak radioactivity was accompanied another protein peak (shown nephelometric 


analysis) without radioactivity. likely that another protein, equally well adsorbed SBS resin, sometimes 
enters the eluate together with insulin. 


This work was carried out laboratory, and express our deep gratitude him for 
his constant interest, 


also our pleasant duty express our gratitude workers the Leningrad Meat Combine, Pashkov 
and Tugunov, and workers the Moscow Endocrine Preparations Nevizhin and Shche- 
petilnikova, for the supply crystalline insulin, commercial insulin extracts, and for determinations the bio- 
logical activity insulin; also members the staff the Mendeleev Institute Chemical Technology, Moscow, 


Dr. Tech. Sci. Trostyanskaya and Cand. Tech, Tevlina for the SBS resins with different 
swelling 
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SUMMARY 


The conditions for sorption insulin high-capacity ion exchange resins have been studied, The theory 
the elution ions weakly dissociated substances from ion exchange resins has been developed. method 
has been worked out for the complete elution insulin from ion exchange sulfonic resins ammonia 


Insulin labeled with has been prepared addition glycine the insulin molecule, 
The chromatographic behavior labeled insulin and crystalline been shown identical. 


chromatographic method has been developed for the separation insulin from aqueous pancreas ex- 
tract, yielding insulin preparation with activity 15-17 IU/ mg. 
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SPLITTING 1:6 LINKAGES DEXTRAN ANIMAL TISSUES 


Laboratory Physiological Chemistry, Academy Sciences USSR, Moscow 


Many investigations have been published recent years which was convincingly shown that dextran, 
injected intravenously into humans and animals, undergoes metabolic reactions the organism. 


Evidence for this provided the presence the glucose found animal and human urine after 
injections dextran labeled with [1], and also number results showing that the dextran isolated 
from urine differs qualitatively from the dextran introduced into the blood [2, Dextran only partially ex- 
creted with the urine (on the average 40%), and part deposited various organs, mainly the spleen 
5], from which later disappears completely [6]. was recently established that spleen extracts and 
homogenates are capable splitting dextran, and this direct proof the possibility enzymatic splitting 
dextran the organism, However, seemed improbable that such large amounts dextran could split 
means the spleen enzyme only. 


therefore searched for enzyme which splits dextran other animal organs. This search was es- 
pecially appropriate because has been possible, fractional precipitation with ammonium sulfate, isolate 
from the spleen protein fraction with enzyme activity many times greater than that the original extracts 
This method was used our investigations. 


The method was essentially follows: the tissue was homogenized the cold with equal weight 
0.1 acetate buffer (pH 4.8). Ammonium sulfate (0.216 per solution) was then added the solution 
obtained extraction 2-3 hours followed centrifugation. The precipitate was rejected, and 0.144 
ammonium sulfate per was added the centrifugate. The precipitate was dissolved, dialyzed for several 
hours, and then repeatedly reprecipitated described above. When the enzyme was prepared from the liver, 
glycogen was first removed prolonged autolysis addition The preparations obtained 
proved stable acid medium (at 4.8) and retained their activity for several months, The substrate 
was “clinical” dextran, 


The enzyme activity protein fractions obtained the above method from the liver, kidneys, lungs, 
brain, and muscle was Like the spleen preparations, these preparations were capable splitting 


Spleen and liver preparations had the most pronounced ability for splitting dextran, and those from kidneys 
and lungs were rather less active. The weakest action was found muscle preparations (Table 1). dextran- 
splitting enzyme was found the blood, 


The enzyme preparations obtained from different organs differ number For example, 
contrast spleen, liver, and kidney preparations, which retain their activity the cold 4.8 for pro- 
longed periods, brain preparations are extremely unstable and usually completely lose their activity 1-2 days. 


Spleen preparations almost not split dextran ~7, while liver preparations still have appreciable activity 
these conditions. 


Both liver and spleen preparations are completely and irreversibly inactivated storage the cold for 


was desired determine the mechanism the enzymatic splitting dextran. Its pro- 
ducts were therefore studied means chromatography paper. 
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TABLE TABLE 


Splitting Dextran Enzyme Preparations From Effect Storage Conditions the Activity Enzyme 
Different Animal Organs Incubated mixture; Preparations (Incubation for hours 4.8 and 
dextran, 0.9 enzyme preparation, 0.1 36°, Storage days; days) 


acetate buffer (pH 4.8). Reducing power 
glucose per ml) 


Preparation 


Activity (reduction glucose 
ml) 


Incubation time, hours 


original after after 
enzyme storage storage 
Liver prep 


4.8 7.0 


Kidneys 
Lungs 0.82 Liver 
Brain 0.58 

Spleen 
Muscles 0.29 


Blood 


the incubated mixture, consisting dextran, the enzyme preparation, and acetate buffer (pH 4.8), 
equal volume alcohol was added before and after incubation precipitate the residual unhydrolyzed dextran 
and its larger molecular fragments, The precipitate was removed centrifugation, and sugars were determined 
the liquid descending chromatography paper. The butyl acetic water 
was used solvent, The sugars were developed aniline 


The figure shows that glucose the 
Liver only product the enzymolysis 
glucose found the mixture before 


Spleen 


incubation. The fact that only glucose 
(and not isomaltose any oligosaccha- 

rides) formed the enzymatic splitting 
dextran also confirmed the results 


acid hydrolysis the enzymolysis pro- 
ducts dextran, The samples were di- 
alyzed for days against double 
their own volume distilled water, Part 
glucose this water was then analyzed for reduc- 
ing substances; another part was hydrolyzed 
0.5 for 2.5 hours,. 


Incubation time, hours standard 


Formation glucose enzymatic splitting dextran. 
The results Table show that 
acid hydrolysis did not produce increase 
reducing power; the only explanation 
for this that glucose the only reducing product the enzymolysis dextran, 


TABLE 
DISCUSSION 


Acid Hydrolysis Dialyzed Products the Enzymolysis 

was shown our investigations 
Dextran( Reducing power glucose per ml) 
that protein fraction containing dex- 


tran-splitting enzyme can isolated from 
after hydrolysis liver, kidneys, lungs, brain, and muscle, 
0.94 The fact that the enzyme almost does not 
0.72 show its activity extracts these organs 
(in contrast the spleen), but clearly 
active only the isolated protein fractions, 
dextran hydrolysis the extracts the 


Before dialysis 


After dialysis 
before hydrolysis 


3.19 
2.20 


0.99 
0.82 
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decomposition products glycogen. Liver and kidney extracts have weak enzyme activity after autolysis and 
careful dialysis. According tue literature [8] and our own unpublished data, dextran (Intradex) 
has low percentage 1:4 and 1:3 linkages, about (branching linkages), while succeded splitting 
25-30% the dextran with formation glucose and “residual Consequently, the enzyme splits 
1:6 glucoside linkages dextran, differs from other animal tissue enzymes which split 1:6 linkages (amylose 
isomerase and 6-oligoglucosidase), these enzymes doe not split dextran The animal tissue enzyme 
which splits also does not split dextran 


The question arises the significance capable splitting dextran the animal organism. 
The literature contains indications the existence the brain lungs [13], and some other animal organs, 
polysaccharides which not give color with iodine and which resemble dextran some properties, and 
which possibly differ structure from glycogen. The enzymatic conversion dextrins into polysaccharides 
the dextran type known possible [14]. The formation polysaccharides this type animal tissues 
seems very probable. Our future investigations will deal with the search for such substances and their possible 
role the organism. 


SUMMARY 


protein fraction which splits dextran has been isolated from the liver, lungs, brain, and muscle. The 
splitting dextran proceeds similarly the action the enzyme isolated previously from the spleen. Glucose 
formed the enzymatic splitting dextran. 
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PRODIGIOSIN ANTIBIOTIC FROM BACTERIUM PRODIGIOSUM 


The Komarov Botanical Institute, Academy Sciences USSR, Leningrad 


known that cultures prodigiosum have clearly defined antagonistic properties toward number 
microorganisms pathogenic animals and man, 


Kurochkin and his associates [1] showed that they are effective many illnesses accompanied pyogenic 
number workers have isolated, from prodigiosum cultures, the antibiotic prodigiosin, which 
derivative tripyrrylmethene [2, 3]. There agreed opinion the present time whether the carrier 
the antibiotic activity prodigiosum prodigiosin [4-6] some other, colorless substance present the 
bacterial culture was found our laboratory that the pigments isolated from these cultures can 
separated aluminum oxide column into fractions, which intense red, has much greater activity 
than dark violet, pale violet, pale violet. 


Our object was study the chemical properties and antibiotic activity the separate pigment fractions. 
addition, wished determine whether any differences exist the quantity and quality the pigments 
formed cultivation the bacteria surface cultures solid media, and cultivation the depth culture 
method developed our laboratory. 


When the method used previous workers was used for isolating prodigiosin (red pigment) from the 
bacterial culture, only very small amounts the accompanying violet pigment could Wrede's 
method [2], and Hubburd and modified method [6], the red pigment extracted with petroleum 
ether either directly from the bacterial mass from acetone solution obtained treatment the mass with 
acidified acetone. order obtain all the pigments from prodigiosum for subsequent separation into sepa 
rate fractions, the pigments were transferred from aqueous acetone extract first into chloroform and then in- 
ether. The ether solution was then passed through chromatographic column with aluminum oxide. 


TABLE 


Effect Solvents Quantitative Proportions the Separate Pigment Fractions 


fractions into chloroform into petroleum ether 
0,369 62.57 0.176 17.7 
0.030 5.0 0.048 4.8 
0,192 32.48 0.768 17.4 


Pigment Acetone extraction followed transfer Acetone extraction followed transfer 


1.394 59.7 0.136 
0.249 10.6 0.15 12.1 
0.69 29.8 0.95 76.8 


Table shows that when the pigment was extracted with acetone and then transferred into chloroform, 
fraction comprised 30-60% the total weight the fractions, while the acetone extract was treated with 


petroleum ether this fraction was only 10-12% the total. The relative proportion fraction accordingly 
increased, 
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were isolated: 


TABLE 


Melting Points Prodigiosin and Its Salts 


Melting points 


literature data,°C 


Substance found 
Prodigiosin 70-80 70-80 
Prodigiosin perchlorate 228 
Prodigiosin picrate 173-176 
Hydrochloride 149 


Optical density 
= 


Fig. Spectrograms the red pigment: alcohol 


dilutions 1:250 000, 1:300 000 (calculated dry weight, with Staphylococcus aureus). 


The activity the original alcohol acetone extracts from the depth cultures was the range 000, 


000, 


Prodigiosin and its salts have considerable antibiotic activity. Table shows the activity vlaues prodigio- 
sin and its salts calculated dry weight (the activities were determined the serial dilution Test 


organism Staphylococcus aureus strain 209). 


When the were fractionated the method described the Experimental Section, the following 


From fraction which was dark violet color, colorless crystalline substance with m.p. 153°. its 
molecular weight and analytical data this substance has the formula This substance was probably 
isolated from prodigiosum for the first time, has antibiotic activity. 


The original alcohol solutions the pigments obtained from surface cultures were twice 
active, which indicates lower degree This understandable, when depth culture 
precipitated alum,other substances from the culture medium which are soluble aqueous alcohol are pre- 
cipitated also, while only the bacterial mass removed from the agar with the use surface 


Fraction which had lilac color and 
which formed only small part the total pig- 
ments, yielded colorless crystalline substance 
with m.p. close the melting point the 
substance isolated from fraction melting 
point depression was observed when was mixed 
with the substance from showing that the two 
were identical. 


° 


red pigment with m.p. 70-80° was iso- 
lated from fraction its molecular weight 
and elementary analysis data this pigment 
formula which corresponds prodigio- 


sin. The red pigment was shown prodigiosin 


the identity the physical and chemical 


properties its salts and those prodigiosin 
(Table 2). 


The identity the red pigment and pro- 
digiosin was also its absorption 
g/mliter with the SF-11 spectrograph. The 
spectrograms obtained fér the red pigment (Fig. 
coincided with spectrograms for prodigiosin 
their character and absorption maxima 


also obiained absorption spectra for 
prodigiosin salts; the perchlorate, hydrochloride, 
and glutamate (Fig. 2). 


The antibiotic activity the fractions de- 
pended the completeness separation. most 
the experiments the activity fractions and 
was not high. After second chromatographic 
separation their activity decreased and some 
cases fell zero. Correspondingly, the activity 
fraction rose, and reached its maximum 
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Optical density 


Fig. Spectrograms prodigiosin salts: Prodigiosin perchlorate; 
prodigiosin hydrochloride; prodigiosin glutamate. 


TABLE 


Activity Prodigiosin and Its Salts per Dry Weight 


Prodigiosin salts 


Pigment fraction Prodigiosin hydrochloride glutamate 


EXPERIMENTAL 


The prodigiosum cultures were grown glass laboratory vessels liters capacity, containing 


liters nutrient medium, specially selected composition, The prodigiosum strain was obtained from 
Kurochkin, One-day cultures were generally used. 


Isolation The bacterial mass was precipitated potash alum (30-40%). precipitation 
complete, 10-15% NaOH was added. Precipitate was filtered fromculture liquid, slightly dried air, and treated with 
alcohol acetone extract the pigments, the earlier 4-5 extractions with ethyl alcohol were 
used, the precipitate being separated each time centrifuging suction. The quantity pigments which dis- 
solved the alcohol varied from 4.5 per liters nutrient medium different For further 
purification the alcoholic solution was diluted with double the amount water, alkali was added, and the pig- 
ments were transferred into chloroform. The chloroform was then distilled off under vacuum and the residue was 
dissolved ether. 60% the alcohol-soluble extraneous substances was removed this preliminary 
purification. 


Similar results were obtained when the pigments were extracted with acetone acidified with hydrochloric 
acetic acid, followed chloroform treatment after addition alkali. 


Fractionation the Pigments 


order purify the pigments and separate them into the individual fractions, chromatographic separation 
aluminum oxide column was The pigments were used ether The same solvent was used 
for developing the chromatograms, zones were usually found, The adsorbent was removed from the column 
separate zones, and the pigment was then eluted from each zone ethyl alcohol. Compete separation the 


pigments was not achieved single passage the solution through the aluminum oxide column. The pro- 
cedure had repeated 2-3 times some 
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Isolation Prodigiosin from Fraction 

Fraction was treated follows remove nitrogenous impurities and fats: alcohol solution fraction 
was made alkaline with 10% NaOH and heated under reflux for hour 60°. The alkaline solution was then 
diluted with equal volume water and shaken repeatedly with petroleum ether, The petroleum ether extracts 
were jointly concentrated small volume ml), and the red pigment was extracted from this 85% 
ethyl alcohol acidified with glacial acetic acid (1%). The alcoholic solution was again made alkaline and 
treated with petroleum ether. This procedure was repeated until the petroleum ether ceased leave grease spots 
evaporation after removal pigment from acidified alcohol. repetitions this treatment are suf- 
ficient yield the pure liters the culture liquid gave 0.29 pigment. For final purification, 
the pigment was obtained the perchlorate. 


filtered and recrystallized twice from alcohol after addition Violet-red nodules acicular crystals 
prodigiosin perchlorate, m.p. 228°, were obtained. 

Elementary analysis prodiogisin perchlorate: 


Found, 56.47; 6.33; 9.82; Cl, From the formula calculated, 
56.66; 6.19; 9.92; 8.37. 


The free prodiogisin base was obtained from the perchlorate addition alkali followed extraction 
with chloroform. 


NaOH was added until the color changed and the liquid was filtered after hour. 
chloroform and water were added the filtrate. The colored substance was transferred into chloro- 
form shaking separating funnel. The chloroform solution was washed with water, dried over and 
most the chloroform was distilled off. The removal the chloroform was completed during drying 


vacuum desiccator. 


The red pigment was obtained the form hard, brittle mass with green metallic luster. has 
sharp melting point; the mass sinters 70° and melts completely 80°. Solutions have intense red color. 
The physical and chemical properties the substance correspond those prodigiosin. 


Elementary analysis the red pigment 


Found, 74.30; 7.64; From the formula calculated, 74.26; 7.74; 
12.99. 


Preparation prodigiosin picrate. Aqueous picric acid solution was added alcohol solution pro- 
digiosin, until turbidity was produced which disappeared slight warming. Large crystals were deposited 
standing. The precipitation was carried out cautiously, avoid formation the compcund with one molecule 
picric acid (the crystals this compound are The crystals were filtered off, washed with 
50% ethyl alcohol, dried vacuum desiccator, and recrystallized from alcohol. The picrate, obtained 
the form round grains with green luster, sinters 173° and melts 


Elementary analysis the picrate; 


Found, 56.65; 5.25; 15.33 (Dumas). Calculated, 56.49; 5.11; 
15.22, Prodigiosin picrate,like the perchlorate, insoluble water. 


Investigation the Substance Fraction Difficultly Soluble Petroleum 


Ether 


was found that the alcohol solution fraction obtained after elution the red pigment from aluminum 
oxide contains crystalline substance which difficultly soluble petroleum After evaporation the 
alcohol the dry pigment residue was treated with petroleum ether. The undissolved portion was readily soluble 

alcohol (even 50%). After 3-4 recrystallizations from 50% alcohol, dark red needlelike crystals with m.p. 

149° were obtained. Paler crystals with 147 were obtained from the mother liquor precipitation with 
water, The substance very unstable, and resembles prodigiosin hydrochloride, which has not been described 


detail the literature. 
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Elementary analysis prodigiosin hydrochloride: 


11.67. 


Isolation Colorless Substance from Fraction 


The dry residue the alcohol eluate fraction was shiny dark violet resinous mass. this residue 
was treated with small amount ethyl ether petroleum ether, part separated the form film, 
which was easily removed from the solvent and turned into powder. aqueous alcohol solution this 
powder after prolonged standing deposited colorless needlelike crystals strongly contaminated the surface 
the violet pigment. was difficult separate them from the pigment, both are soluble the same 
solvents. The following method was used for separation and purification this substance: the dry powder was 
dissolved alcohol, the solution was made alkaline, and then heated for about minutes 60-70°, The 
alcoholic solution was then diluted with water and the substance was transferred into The ether was re- 
moved under vacuum and the residue was dissolved alcohol. precipitate was deposited when about double 
the amount water was added the alcoholic solution. After 2-3 days asubstance contaminated with pig- 
ment crystallized out, was filtered off, again dissolved alcohol, and purified active carbon the boil. 
The carbon was filtered off and washed several times with water. The substance was precipitated water 
from alcoholic solution. After filtration partial drying the precipitate remained pink color. was not 
possible purify this substance completely repeated crystallization, the pigment was precipitated with 
it. Complete removal the pigment could achieved only boiling the precipitate petroleum ether, 
which the substance relatively less soluble than the pigment. 


The substance melted 153°. Molecular weight Rast's method was 688 (0.0016 substance; 0.0126 


Elementary analysis the substance: 


SUMMARY 


Separate fractions the pigments obtained from depth culture prodigiosum have been studied. 
Fractions and yielded colorless crystaliine substance without antibiotic activity. Fraction which had 
the highest activity, yielded red pigment, identical with prodigiosin physical and chemical properties. 
was established that prodigiosin and its salts have antibiotic activity. 
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DISTRIBUTION PROTEIN TRYPTOPHAN ORGANS AND TISSUES MAMMALS 
AND SOME CONCLUSIONS CONCERNING ITS PHYSIOLOGICAL ROLE 


The Severtsov Institute Animal Morphology, Academy Sciences USSR, Moscow 


Data biochemical analyses alone cannot the present time regarded sufficient for characteriza- 
tion the protein composition different organs, such cases the materials studied are either the total 
proteins the organs, separate fractions the organs extracted from shredded organs tissues (for example, 


various nuclear proteins) or, finally, proteins hormones and secretions various glands, blood plasma pro- 
teins, interstitial proteins, etc, 


histochemical investigation methods possible determine the location individual amino acids 
the proteins, different regions the organs, and separate cellular elements, and their relative contents 
can estimated from the intensity the reaction. the combined use biochemical and histochemical 


results possible obtain more complete characterization the protein composition various organs 
tissues the animal organism. 


According the most widely accepted view, the main significance the individual aminoacids which 
compose the protein molecule creating specific organization structure the protein molecule. 
cording this view, the biochemical function protein molecule determined the interaction its 
constituent amino acids, However, the present time there are only speculative discussions and very scanty 


accurate data the significance individual amino acids the structure and function the protein mole- 
cule (Tristram 


known thattryptophan one the essential amino acids. has been established that free tryptophan 
source nicotinic acid (vitamin PP) the mammalian organism, Braunstein al. [2] established that 
vitamin necessary for its conversion into nicotinic 


MATERIALS AND METHODS 


The purpose our work was study, means the histochemical method, the problem the pre- 
sence and location tryptophan the proteins various organs and tissues certain mammals and, far 
possible, determine the quantitative relationships tryptophan these materials. The intensity color 


with Ehrlich reagent was used measure tryptophan content. Organs and tissues guinea pigs, rats, dogs, 
and rabbits were used the investigation. 


Each organ, least guinea pigs and rats, was investigated The fixatives used were mainly 
the following: solution solution according the original recipe, and 
tion containing trichloroacetic This modification should give better precipitation proteins. 
Most tissues satisfactorily retain their structure with this fixation method. All three fixatives gave approxi- 
mately equal results the histochemical respect, Secretory protein granules the glands studied, and also 
tes, were preserved without much change only liquid pure neutral formalin. 


The material was poured into gelatin, the gelatin blocks were subjected additional fixation weak 
solution neutral formalin (the formalin was throughly washed away with water before the reaction); the 
tions were cut freezing microtome (10-51 thick). The sections were tested the histochemical reac- 
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tion described Kedrovsky and Trukhacheva [3]. After the staining the sections were examined glycerin 
soon possible, the color began fade gradually after 5-7 minutes. 


This histochemical method based the color reaction given tryptophan with Ehrlich reagent (p- 
dimethylaminobenzaldehyde) presence strong sulfuric acid. Unfortunately the color formed not stable, 
and therefore permanent preparations cannot obtained. Attempts modify the method this respect were 
not successful. The color intensified with increasing exposure time the sections Ehrlich reagent. 


DESCRIPTION RESULTS 


The results given below refer only cell plasma and intercellular substance, Only the nucleoli are 
usually stained the nuclei. However, some instances staining the chromatin was observed over the 
whole preparation individual regions, always with redder tinge than the cytoplasm. The conditions and 
causes for the irregular staining the nuclei have far not been 


Medium and small vessels all the organs studied are deeply stained owing the middle coat, contain- 
ing smooth muscle fibers, The internal elastic membrane and the external tunica adventitia are not stained. 
The blood coagulated the vessels, and erythrocytes (after fixation neutral formalin and 
are also stained, but less deeply, and the erythrocytes are always stained with reddish tinge, which apparently 
depends the heme groups containing pyrrole rings, Like the indole rings tryptophan, they give color with 
Ehrlich reagent, but redder color. Coagulated blood plasma stained with moderate intensity with pure 
violet tinge. 


transversely striated, cardiac, and smooth, give particularly intense reaction 
located mainly the myofibrils; sarcoplasm takes paler stain, which shown particularly clearly trans- 
verse sections heart muscle with peripherally situated myofibrils. The proteins the dark and light disks 
apparently not differ their tryptophan contents, The smooth muscle fibers the alimentary canal and 
all the other organs studied give rather weaker reaction than striated and cardiac muscles. 


gastroenteric section the alimentary canal. The connective tissue the mucous membrane and 
the submucosal layer the stomach and intestine practically The follicles are only slightly stained. 
The muscle layer the mucous membrane, individual fibers the stroma the villi, and the entire muscle 
wall the alimentary canal are intensely stained, Groups nerve plexus cells the muscles show weaker 
reaction than the 


The epithelium the stomach mucosa gives moderate the fundus glands the surface cells 
are colored more intensely than the main cells and than the surface epithelium. More brightly colored secre- 
tory granules (of pepsinogen) are sometime found the main cells after the action Schaffer's fixative. 


Epithelium the intestine, This stained uniformly and with moderate intensity the villi, 
sometimes more brightly toward the apex. The reaction intensity apparently not decreased after brief starva- 
tion, The goblet cells remain colorless, The reaction the crypt epithelium The granules 
cells are colored very bright violet. Brunner's glands the duodenum give 


weak reaction, approximately the same the crypt epithelium, and considerably weaker than the tissue 
the pancreas. 


The The reaction most intense the protein globules the hepatic cells, while the remaining 
plasma stained faintly and diffusely. The bile duct epithelium has moderate tryptophan content. 


The pancreas, The terminal sections the exocrine part the gland are intensely stained. The secre- 
tory granules remaining after fixation neutral formalin and are more brightly stained than 
the remaining plasma. The insertion regions and ducts the gland give reaction moderate intensity. The 
endocrine regions the are practically 


The kidney. The cortical substance the kidney gives stronger reaction than the medullary stubstance 
for tryptophan, The convoluted tubules are stained brightly and uniformly, loop stained moderately 
intensely the thick region and the thin region. The collecting tubules show weak reaction. The 
glomeruli are weakly stained, chiefly the erythrocytes (after fixation 


The adrenal gland. reacts weakly, probably owing presence small number muscle 
The cortex gives moderately intense reaction all three zones, with the exception the outer part 
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the fasciculated The medullary substance shows groups ganglion cells stained with the same inten- 
sity the alimentary canal, against background almost colorless chromaffin tissue. 


Spinal The plasma the nerve cells stained diffusely, moderately brightly the large cells, 
and rather more intensely the smaller cells. The nerve fibers are stained more weakly. Apparently, the 
cytoplasm Schwann's sheath and, part, the axons give the reaction. 


The spinal cord. Under weak magnification the white substance faintly stained, and the grey substance 
somewhat more deeply. The cytoplasm the motoneurons the anterior crescents and the efferent processes 


give moderately bright reaction, rather more bright than the cytoplasm the nerve cells the spinal ganglia. 


The cerebellum. The tissues the cerebellum whole are stained less intensely than the spinal 
cord; the molecular layer brighter than the granule layer. The ganglionic layer (Purkinje cells and their 
dendrites) give moderate reaction, weaker than the neurons the spinal ganglia. 


The cerebral cortex has the lowest tryptophan content indicated the color reaction. The molecular 
layer usually rather brighter. The pyramidal cells all the layers give weaker reaction than the Purkinje 
cells the cerebellum, and are often stained paler than the surrounding glia. 


The neuroglia all the studied sections the central nervous system stained relatively weakly. The 
paler color the white substance probably the consequence the presence numerous medullated fibers, 
containing unreactive myelin. Because the size the nerve cell nuclei, the nucleoli are clearly visible. 
The nucleoli the neurons are stained approximately brightly their cytoplasm. 


The skin, The epidermis characterized fairly bright color the basal layer, decreasing gradually 
outward direction. The horny layer stained irregularly. The sweat glands are stained with various in- 
from weak moderate, The hair follicles, which give reaction similar that the epidermis 
intensity, are brighter than the root nearer the surface. Only the base the root reacts; the reactivity 
vanishes nearer the surface, The sebaceous glands react like the hair follicles. The loose and dense connec- 
tive tissues the skin are completely colorless, and can contain only very small amounts tryptophan. 


Cervical ligament the bull. 15-20 sections the fibers are clearly though weakly stained, Fine 
vessels within the organ are much more brightly stained. This clear and constant result cannot reconciled 


with the most recent analyses elastic tissue, according which there tryptophan its pro- 
teins [1,4]. 


Hyaline cartilage (costal, tracheal) has low content protein tryptophan, The cell plasma stained 
little more deeply than the matrix. Cell capsules the trachea are sometimes brighter color. More often 
the color the whole matrix scarcely visible. some individuals the costal cartilage contains regions 
unknown nature with much higher tryptophan content. 


The spleen and the lymph follicles the lung and intestine are almost entirely free from 
The reticulum and the free elements remain almost colorless. The pale color the spleen capsule and trabe- 


culae probably explained the presence muscles, while only erythrocytes are stained the red pulp. 


The trachea and bronchi. the ciliated epithelium the mucous membrane the respiratory tract 
the apical regions the ciliated cells and the cilia themselves are intensely stained. The basal the 
cells are stained much less brightly. The same tryptophan distribution found the ciliated 
the Fallopian tube. All the smooth muscle elements the respiratory tracts, like those other organs, are 
intensely The glands the submucosa show weak reaction. The matrix the hyaline cartilage 


the trachea and bronchi very weakly stained, sometimes more brightly the capsules than between them, 
and less brightly than the bodies the cartilage 


Parenchyma the lung. All the lung tissue gives moderately bright reaction, the reddish tinge 
which due erythrocytes. The cells the pulmonary alveoli are stained approximately intensely the 
erythrocytes, but after fixation any kind they assume pure violet color (under strong The 


tryptophan content the alveolar epithelium probably rather lower than that the epithelium the trachea 
and bronchi. 


The ovary, The rudimentary epithelium and the epithelium the primordial follicles give weak reac- 
tion for the plasma the oocytes stained rather more brightly. Colored nucleoli can clearly 
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seen their the follicle grows, the tryptophan content the oocyte plasma increases; the follicular 
epithelium, however, still remains pale before all layers. The inner layer the follicle, according 

the depth color, has higher content tryptophan than the follicular epithelium and the almost colorless 
outer coating. The liquor colored. Atretic follicles and corpora lutea contain considerable numbers brightly 
colored cellular groups alternating with pale groups. Their total tryptophan content depends the proportions 
the two types constituent cells. The stroma the ovary remains practically 


The testis. The zone containing the spermatogonia and spermatocytes shows weak reaction, and the 
color intensifies only during spermiogenesis, that is, the zone containing spermatids and spermatozoa, with 
coloration the entire cell body. Coloration the tails the spermatozoa can observed only close 
bunches. has been reported that human spermatozoa tryptophan present only the proteins the head 
[5]. rodents the interstitial cells are more brightly colored than the spermatogonia. the dog these dif- 
ferences disappear. 


Mammary gland. The epithelium the lactiferous ducts differs little color intensity from the skin 
epidermis. the stroma only the muscle fibers are colored with the usual brightness. 


DISCUSSION AND 


Good agreement obtained many instances between the results biochemical analysis individual 
proteins and the quantitative topochemistry tryptophan residues For example, the absence 
tryptophan collagen connective tissue corresponds absence coloration the sections; the weak 
reaction the matrix the cartilage due the fact that also mainly composed colla- 
gen; the bright coloration the zymogen granules the pancreas probably the consequence the high 
tryptophan content many its enzymes. 


Discrepancies, however, arise some cases. Chemical analysis wool keratin shows considerable 
percentage tryptophan residues, while wool keratin (hair root) reacts only near the base. The 
absence reaction the distal section probably the result either molecular rearrangement more 
mature keratin, which the reactivity tryptophan decreases sharply, its structural density. Most re- 
cent analyses elastin (cervical ligament, aorta) show that contains only traces tryptophan, which 
number authors consider extraneous impurity Nevertheless, according Graham's earlier 
data [7], the tryptophan content elastin fairly high. did not find any tryptophan the elastic walls 
the vessels rodents, but detected with certainty the fibers bovine cervical ligaments. 


view these discrepancies consider that the amino acid composition elastin from different 
tissues requires further study. 


classified our data, obtained studies sections the tissues rodents, mainly with the use low 
magnification, analogously the classification the proteins human organs developed Zbarsky al. 
contrast the latter, however, based the classification entirely the tryptophan content the 
tissues. classification, which shown here for comparison, has also been modified the same prin- 
ciple, and cartilage has been moved from Group III into satisfactory agreement, although with some 
discrepancies, was found between the chemical and histochemical data (see Table). One such exception was 
lung tissue. must noted, however, that our table included data for alveoli and fine bronchioles only, and 
the higher tryptophan content the muscles and epithelia the larger bronchi was neglected. less easy 
explain the exceptionally intense staining our method the cardiac and skeletal muscles (my- 
ofibrils), which should correspond very high tryptophan content. Nevertheless, analyses muscles and 
their total and individual proteins (myosin, actin, tropomyosin, myogen show that the tryptophan content 
muscles higher than many other organs, which, however, are stained less deeply than muscles Zbarsky 
Block and Bolling [9], Zbarsky al. [10], The differences tryptophan content between 
human and rodent skin are probably attributed specific distinctions, which may also cause the differ- 
ences for other organs. Nevertheless, data [8] the tryptophan content cartilage appear too 
high. Some the differences our results from biochemical data are probably explained the fact that 
did not take into account the tryptophan content the nuclei, the numbers which vary different organs. 


Despite these contradictions, may assumed that our data for most organs are agreement with bio- 
chemical analyses, and augment the latter with important topographical or, more precisely, topochemical data. 
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Variations Tryptophan Content the Proteins the Organs Certain Mammals (From the Intensity the 
Histochemical Reaction) (our data) 


Group Group Group III, low 


tryptophan tryptophan tryptophan 
content content content 


Striped muscle Spinal ganglia Spinal cord 

Cardiac and smooth muscle Adrenal gland Cerebellum 

Small Ciliated epithelium Cerebral cortex 

Liver Trachea Bovine cervical ligament 
Kidney Bronchi Mammary gland 
Stomach wall, pyloric end Lung parenchyma Cartilage 

Duodenum Skin Spleen 

Small intestine Ovary 

Pancreas Testis 


Tryptophan Content Total Protein Normal Human Organs (As protein, with assumed 16% nitrogen 
content) Zbarsky [8] 


Group Group Group III 


Total proteins Tryptophan Total proteins Tryptophan Total proteins ryptophan 
Kidney 2.67 Testis 0.84 
Liver 2.54 Prostate gland Mammary gland 0.69 
Stomach 


Skin 
mucosa Ovary 


(abdominal) 
Muscle 2.19 Cartilage 
Lung 2.13 


One result our work the conclusion that the tryptophan content shows wide variations proteins 
different parts organs, different cells the same organ, and even different regions the same cell. These 
results indicate differences the amino acid composition, and therefore are sign biological individuality, 
the corresponding proteins, The biological significance these differences still not clear. any event, 
our results indicate that they depend partly the origin and functions the tissue composing the given organ. 


For example, all types muscle tissue, smooth and striped, have very high tryptophan the 
other hand, the lowest contents tryptophan are found internal tissues: loose and dense connective tissue, 
elastic tissue, cartilage, lymphoid accumulations the lungs and intestine, and the spleen, The nervous tissue 
elements (neurons, glia) have relatively low content protein tryptophan; the motoneurons the spinal cord 
have the highest content this amino acid the preteins, while the pyramids the brain cortex have the low- 
est. contrast other tissues, the epithelia different organs show great variations tryptophan content; for 
example, tlie convoluted tubules the kidneys are rich tryptophan muscles, while the medullar substance 
the adrenal giands and the endocrine regions the pancreas are almost devoid 


number physiological conclusions, some hypothetical, may also drawn from our results, might 
appear, for that tryptophan, being essential amino acid necessary for growth, should present 
greater the proteins growing cells. However, the reverse was found: the epithelium the in- 
testinal crypts its content less than the epithelium the villi, the spermatogonia contain less than the 
spermatids, Prelituinary data embryos lead the same conclusion, The hypothesis confirmed only the 
case 


The proteins differentiated tissues have higher tryptophan content those organs and parts organs 
for which more functionally necessary, For example, the proteins the cytoplasm the exocrine regions 
the pancreas which produce number protein enzymes rich tryptophan, have much higher content 
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this amino acid than the endocrine regions, which form insulin, devoid tryptophan. All the loose and dense 
connective tissue, including the fibers and, which especially interesting, the cells themselves, practically 
colorless the tryptophan reaction all organs, the ovary, the highest tryptophan content found the 
egg cells, where evidently necessary even the earliest stages growth during the subsequent develop- 
ment the embryo. 


recent years has been firmly established biochemically that tryptophan the source for nicotinic 
acid synthesis, for example, mammalian liver, may assumed that tryptophan residues proteins are 
also used this process, The utilization protein tryptophan source for nicotinic acid formation all 
the more probable since free amino acids are not deposited cells reserve materials, while reserve protein 
inclusions are met extremely The structural bases the cells cannot undergo any special disturbances 
the utilization protein tryptophan, has recently been proved that their proteins are, any event, 
continuously being renewed. Nicotinic acid (niacin), the amide, composition two coenzymes 
(codehydrase and which play important role respiration and glycolysis, that is, the release 
cell energy. 


This confers special interest our results for the high contents tryptophan the myofibril proteins, 
and also other fibrillary organs motion (cilia, sperm tails) and regions cytoplasm adjoining them. 
This must qualified the statement that our histochemical results are not agreement with the biochemical 
data regarded from general biological aspect. tryptophan was found chemical analysis the 
flagellae Proteus bacteria The high tryptophan content the proteins the stomach coat cells may 
related the energy consumption the secretion hydrochloric acid. 


The content protein tryptophan cannot correlated with what commonly termed the height 
complexity the cell organization the degree its differentiation specialization. particularly vivid 
example this provided nerve tissue; comparison the tryptophan contents different regions the 
nervous system shows that the pyramidal cells the cerebral cortex contain less than the main neurons all 


the other regions studied: spinal ganglia, spinal cord, and cerebellum. This confirms analogous results obtained 
Limarenko [12] the use different method. 


the basis data [13] similar conclusion may drawn concerning another amino 
cysteine, the presence which determines the thiol group content proteins and the tripeptide glutathione. 
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ALKALI-SOLUBLE PHOSPHORUS FRACTION THE MUCOSA THE STOMACH 


Yakhnina 


Chair Biochemistry, the Stalinabad Medical Institute 


The alkali-soluble phosphorus compound fraction contains mainly nucleoproteins and phosphoproteins, 
which are highly impertant compounds the normal activity the 


The work Kedrovsky [1-3], Brashe [4], Caspersson [5], and others has the role nucleic acids 
protein synthesis and all the basic functions the living cell, including the formation secretions 
gland cells, primarily associated with enzyme formation. Guberniev, Kovyrev, and showed that 
when the secretion the parotid gland and pancrease stimulated, the ribonucleic acid (RNA) content the 
secreting tissue increases, The circulation RNA phosphorus increases 


has been reported Davidson and Caspersson that intensified secretion the pancreas exhausts 
its reserves RNA. Epshtein and Aleksandrova [10] advanced the view that RNA ‘in stomach mucosa related 
directly indirectly secretion hydrochloric acid. Experiments with radioactive phosphorus the 
liver, brain, and other tissues showed the existence phosphoprotein (PP) fraction, very small quantities, 
but with high rate phosphorus The high rate exchange indicates the important 
role phosphoproteins the biochemical transformations which take place tissues, 


The purpose the present investigation was elucidate the participation ribonucleic acid and phos- 
phoproteins one the main functions the stomach the secretion hydrochloric acid, the me- 
chanism the formation which, despite numerous theories, still not definitely understood. 


METHODS AND EXPERIMENTAL PROCEDURE 


White rats were used for the experiments. Two rats the same age and approximately equal 
were used each experiment; each received 100-150 the form sodium phosphate within the 


hour after adminstration one rat received intraperitoneal injection histamine 
stimulate hydrochloric acid secretion, and the other, atropine suppress gastric secretion, One hour 
later both rats were killed decapitation, the stomachs were removed, opened along the concave edge, and 


the reaction the gastric contents was determined against methyl orange, indication hydrochloric acid 
secretion. weighed sample the stomach mucosa (the pink part, which produces acids and enzymes) was 
homogenized trichloroacetic acid, The phosphorus fractions were the Schmidt and Thannhauser 
method [14]. did not succeed determining the phosphoproteins quantitatively the process, the 
fication described Lisovskaya [12] was used for their isolation. 


The RNA and were determined from the inorganic phosphate the method Fiske and Subbarow [15}, 
The RNA and phosphorus contents were expressed phosphorus per 100 fresh tissue, The radio- 
activity the phosphorus the fractions was determined count the number impulses means the 
"BU" apparatus. The activity was expressed terms specific activity (sp. act.), the number impulses 
per minute per the phosphorus given fraction. 


RESULTS 


The RNA content was determined experiments, and these the specific activity the RNA 
phosphorus was determined, The part played RNA the secretion the gastric mucosa was estimated from 
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the ratio the RNA phosphorus with stimulated secretion the act. with suppressed secretion. The 
average our experiments are shown Table 


Some decrease RNA was observed the stomach mucosa after adminstration histamine, 
but the value unreliable, 


TABLE The sp.act.of RNA 
phosphorus stimulation 
hydrochloric acid secre- 
tion histamine 1.74 
sp.act. RNA-PI/ sp.act. RNA-P times the specific activity 
RNA phosphorus with 
secretion suppressed at- 
ropine, The increase 
the circulation rate 
phosphorus the action 

histamine the mucosa 
evidence that TNA part- 
icipates gastric secre- 


Amount RNA mg% and Ratio Specific Activities RNA Phosphorus With 
Stimulated and Suppressed Secretion 


RNA-P mg% 


secretion stimulated 


histamine 


suppressed 


1.44 


TABLE 


Produced Mucosa with Added Ribonuclease from Saliva and With- 
out (Control) (In micromoles per cm? area) 


HCl produced with- 
without ribonu- 


produced with- 


out ribonuclease outribonuclease out ribonuclease 
3.14 0.00 5.50 0.00 
4.56 0.18 0.0 
6.47 0.00 3.14 0.047 
2.98 
Mean 


customary associate the participation RNA intensified secretion (for example, the parotid 
gland and pancreas) with increased protein formation (secretion enzymes). However, histamine only induces 
secretion acid animals the increased circulation RNA phosphorus found our experi- 
ments indicates that RNA also participates secretion hydrochloric 


confirm the participation RNA hydrochloric acid secretion experiments were carried out with liv- 
ing mucosa the frog stomach. The procedure described the detached mucosa the frog 
stomach was stretched tube diameter and placed a.nutrient medium through which air with 
was passed from gas 0.65% solution NaCl was poured into the tube. the nutrient 
medium saliva was added, provide solution containing ribonuclease (by Roskin's method The 
amount hyrochloric acid formed was determined conductometrically hours after the start t!:e experiment, 
and expressed micromoles per cm? mucosa. 


Table shows thai when saliva ribonucleass acts living mucosa the frog, most cases there 
complete absence hydrochloric acid secretion, great decrease, which provides very weighty evidence 
favor the participation RNA secretion. 
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TABLE Table shows the results determina- 
tions phosphoprotein phosphorus and average 
values for the ratio the sp.act. phospho- 
protein phosphorus with the secretion stimu- 
lated and suppressed, 


Amounts Phosphoprotein Phosphorus and Ratio Specific 
Activities Phosphoprotein Phosphorus with Stimulated and 
Suppressed Secretion 


Phosphoprotein PP-PI The ratio the sp.act. phosphoprotein 
sp.act. PP-PII with the secretion stimulated the sp.act. 
with secretion suppressed 1.68 0.06; thus 
there quite reliable increase the in- 
corporation into the phosphoproteins 
0.16 1.144 0.11 1.684 0.06 the mucosa during secretion hydrochloric 
acid. 


secretion stimulated secrection sup- 


some experiments, addition determinations phosphoprotein activity, the activities RNA, in- 
organic phosphate, and organic acid-soluble phosphates were The results are shown Table 


TABLE 


Specific Activities PP,RNA, Inorganic (Pj), and Organic Phosphorus imp./ 
Phosphorus, and Relative Specific Activity 


rat with secretion stimulated histamine; 
rat with gastricsecretion suppressed atropine 


conditions RNA-P act, PP-P 


0.47 
0.33 
0.34 
0.2 

0.54 
0.36 
0.34 
0.24 


last column shows the ratios between the rel.sp.act. RNA-P with secretion stimulated 


The values PP, RNA, and organic acid-soluble phosphorus are higher after stimulation the secre- 
tion histamine than the act. value for the same fractions rats with the gastric secretion suppressed 
atropine. the average, the ratio 


sp. act, PP-P 
sp. act, PP-P 


this confirms the increase the rate phosphoprotein phosphorus circulation during hydrochloric acid secretion 
the stomach mucosa. The increased organic phosphorus probably the result increased activity 


adenosine triphosphate (ATP), energy-rich substance which first activated during intensification meta- 
bolism such occurs the stomach mucosa during secretion [17, 19, 


For direct study the relationship between the PP-P, RNA-P, and activities and the function the 
gastric mucosa, experiments living gastric mucosa the frog were carried out. these experiments was 
possible observe simultaneously the amounts formed and the metabolic processes the living mucosa. 
was added the nutrient medium (60-70 medium). 


The formation hydrochloric acid the living mucosa was suppressed dinitrophenol (DNP) which dis- 
sociates oxidation from phosphorylation After hours the amount hydrochloric acid formed was deter- 
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mined conductometrically and expressed micromoles per mucosa The activities PP, RNA, 
and organic phosphate phosphorus were determined the mucosa itself (Table 5). 


TABLE 


Amounts and sp, act, PP-P, RNA-P, and Frog Gastric Mucosa After Hours 
without dinitrophenol; experiment added; final mg% (breathing 
not inhibited) 


P 


Sp.act. PP-P 

PP-P 
experiment 


RNA-P 


PP-P imp. 
min, 


Sp. act. 

experiment 


Samples 


Control 
Experiment 
Control 


Experiment 
Control 


2.23 


Experiment 97.2 

Control 262.0 130 1.63 
Experiment 163.0 

Control 


2.16 
Experiment 


Control 
Experiment 


0.26 


The amounts hydrochloric acid formed, and also incorporation into phosphoproteins, ribonucleic 
acid, and the organic acid-soluble phosphorus fraction, are much greater the controls than the experiments, 
direct proportionality can detected between the amount hydrochloric acid and the sp. the PP, 
RNA, and phosphorus, but all the experiments with secretion (in the controls) the specific activity 
phosphoprotein phosphorus was higher (on the average 1.8 times) than the experiments; the RNA activity was 
also higher the controls, factor 2.2 the 


Lisovskaya found experiments with rat brain slices that addition inhibitor oxidative phos- 
phorylation, dinitrophenol, the phosphoprotein exchange ceases completely. our experiments with living 
gastric mucosa some incorporation into was found after addition DNP, but the amount was about half 
the control value, This probably explained specific characteristics the tissue metabolism. 


The secretion hydrochloric acid active process which involves the consumption energy supplied 
macroergic phosphates The increased found our experiments thus probably the con- 
sequence increased ATP-P activity during The role RNA also probably essentially that 
macroergic compound, Bresler and Nidzyan [22] have demonstrated the possibility enzymatic transfer macro- 
ergic phosphate from ATP RNA, and later Bresler and Rubina [23] obtained even more convincing proof the 


presence macroergic bonds RNA and the possibility their transfer other phosphate 


The low content and high mobility phosphorus tissues suggests that they have enzyme properties and 
may act carriers phosphate from ATP RNA. 


SUMMARY 


Stimulation hydrochloric acid secretion the gastric mucosa presence radio- phosphorus 
panied increased activity the alkali-soluble phosphorus fraction, The radioactivity the ribonucleic acid 


gastric mucosa with hydrochloric acid secretion stimulated histamine 1.74 times great gastric 
mucosa with secretion suppressed atropine. 
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2.04 46 2.05 4 3.24 
188 
2.40 
3.14 92.6 151 
1.56 1.45 


The action ribonuclease living gastric mucosa frogs produces considerable decrease total 
suppression hydrochloric acid secretion, confirming the participation ribonucleic acid this process, 


phosphoprotein fraction protein) has been isolated from the gastric mucosa rats, and the 
presence living gastric mucosa frogs has been 


rat stomach mucosa, presence histamine-induced secretion hydrochloric acid, the rate 
phosphorus circulation 1.68 times that gastric mucosa with secretion suppressed atropine. The increased 
activity the and RNA phosphorus indicates that they participate the complex mechanism gastric 
secretion. 
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THE ROLE THE GLYCOLYTIC AND OXIDATIVE MECHANISMS 
PHOSPHOPROTEIN METABOLISM 


Lisovskaya 


The Bakh Institute Biochemistry, Academy Sciences USSR, Moscow 


has been shown experiments with that the metabolic rate the phosphorus contained the 
phosphoproteins (PP) rat brain gray substance very high [1, 2]; the rate depends the nature and intensity 
the metabolic transformations the cell, and primarily oxidative metabolism The factor which 
primarily determines the rate metabolism the rate the oxidative phosphorylation process, which 
sults the formation the macroergic phosphate ATP [3, 4]. this connection the question arose the 
possibility using, source energy protein metabolism, another energy glycolysis. Investiga- 
tions glycolysis brain slices formed one the objects the present study. the other hand, has been 
shown previously [4] that although brain slices have particular specific action oxidation substrate and 
can oxidize number substances (glucose, mannose, fructose, pyruvic acid, lactic acid, glutamic acid) 
considerable rate, they can utilize only some these substrates (glucose, mannose) conversion, Particular 
interest attaches fructose, oxidation which resulted high level respiration and ATP resynthesis 
the slices, but produced only slight metabolism, The causes for the differences between glucose and fructose 
this respect are also examined this paper, 


METHOD 


Lactic acid was determined Barker and Summerson's method with the use [5]. 
ATP was determined after precipitation with the inorganic phosphate split off after 10- minute 
hydrolysis with HCl was determined the Kuttner and Cohen method The radioactivity and 
inorganic phosphorus (Pj) was determined previously described 


Glycolysis Brain Slices and Metabolism 


Brain tissue characterized high aerobic and anaerobic glycolysis. According Elliott [7], 
for brain slices medium varies between and 21, our experiments the anaerobic 
formation lactic acid was 800-1300 per 100 raw tissue weight per hour, and the aerobic value was 


600-800 The high glycolysis level brain tissue suggested the 
question whether glucolysis can replace the oxidation process energy source has 
been recently shown, for example, that tumor tissue undergoing vigorous glycolysis can bring about rapid 
tein renewal even suppression the respiratory process the same time, both respiration and glycoly- 
sis simultaneously necessary for glucose utilization protein synthesis tumor tissue [8a]. 


study the role the glycolytic and oxidative mechanisms metabolism separately, neces- 
sary able stop either process, Respiration could easily arrested carrying out the experiment 
anerobic conditions, For suppression glycolysis was necessary select concentration bromoacetic 
acid which would not simultaneously inhibit respiration, This concentration was found lie the range 
(Fig. 1). 


The very first experiments showed that glycolysis was quite ineffective process for providing energy 
for the incorporation into PP, check the amount ATP showed that the amount formed absence 
respiration (experiments nitrogen atmosphere) extremely small (Fig. 2). followed that the ineffec- 
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tiveness glycolysis with regard metabolism 
could explained insufficiently rapid resynthesis 

the other hand, decrease the glycolysis 
rate addition bromoacetic acid the 
reaction mixture led considerable decrease the 
metabolism rate, but did not stop completely (Fig. 
Saimple 2), this figure the columns the upper 
left-hand region represent the specific radioactivities 
(sp.act.) inorganic phosphate and phosphoproteins; 
the relative PP, the values which appear 

the subsequent tables, can calculated division 
that the formation ATP under different experimental 


iactic acid 
per 100 


100 


microliters 


conditions— with respiration excluded with glycolysis 
excluded (Fig. Samples and can the same, 
while the rate incorporation into differs con- 
Fig. Effect different concentrations bromo- siderably. metabolism level with both respiration 
acetate glycolysis and respiration rat brain and glycolysis excluded taken zero (Fig. Sample 
cortex slices: Glycolysis, respiration; Bromo- becomes obvious that exclusion respiration prac- 
acetate concentrations: (control); tically stops metabolism, while exclusion glycolysis 
clearly show that energy considerations alone (ATP 
level) cannot completely account for the reasons for rapid slow incorporation into the other 
hand, the same experiments show that glycolysis not indifferent metabolism; its exclusion affects the cell, 
which loses its power actively incorporating into proteins. fact, all cases when glycolysis was stopped 
(or, more accurately, retarded) bromoacetate, the level metabolism was lowered (Table There can 
only one conclusion: glycolysis not itself able bring about and maintain metabolism, but when this 
metabolism reaches maximum rate both mechanisms are necessary; both the oxidative and the anaerobic. 
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TABLE 


Metabolism Phosphoprotein Phosphorus Suppression Glycolysis Acid. Experimental 


without bromoacetate with bromoacetate without bromoacetate with bromoacetate 


lactic acid per LOO 


per hour 


560 
660 


375 


bromoacetic acid 


Glucose and Fructose Phosphoprotein, Metabolism 


was shown fructose oxidized brain slices vigorously glucose, but contrast the 
latter has very weak glycolytic effect. this respect our experiments confirmed the findings Loebel and 
and Meyerhof [9, 10] that the glycolysis brain preparations presence fructose very slight (Table 2). 

the average, aerobic glycolysis presence fructose 27%, and anacrobic, 8%, the glycolysis 
presence glucose. This difference cannot ascribed different diffusion rates the sugars into the slices, 
that case their oxidation rates would differ also. addition, the amount lactic acid formed presence 
fructose 3.5 times great anearobic and 2,5 times great aerobic conditions, media without 
added substrate. Therefore the reason not that fructose cannot utilized the glycolysis cycle brain slices, 
but that the rate glycolysis ("fructolysis") much lower presence fructose than presence 
The experiments with fructose can likened the experiments with glucose carried out presence bromo- 
acetate, that is, with inhibited glycolysis— both cases vigorous oxidation the substrate takes place, but the 
glycolysis weak. agreemént with this analogy, metabolism presence fructose proceeds the same 
low rate samples which glycolysis inhibited (Table 3), 


TABLE 


Formation Lactic Acid Glycolysis Presence Glucose and Fructose.Experi- 
mental conditions shown Table some the experiments carried out 
anaerobic Values lactic acid per 100 tissue/ hour 


Aerobic Anaerobic 


level 


653 143 1170 
610 100 

452 122 

163 970 

490 200 

290 112 965 

375 115 

460 

955 435 


| 
300 0.46 0.28 
134 0.43 0.21 
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TABLE 


Rate Transformations Presence Glucose, Fructose, and Under the Action Bromoacetate 
Experimental conditions shown Table Amounts substrate added, millimoles; bromoacetate, 


SAR for 


Substrate 


Substrate SAR for 


Glucose 
Fructose 


Glucose 
Fructose 


may concluded that the reason for the very low effectiveness fructose substrate for metabolism 


the fact that fructose brain slices undergoes extremely slow glycolysis, probably inadequate for protein meta- 


However, addition some features similarity between the two effects, there also difference, pos- 
sibly quantitative character: suppression glycolysis bromoacetate considerably diminishes the resynthe- 
sis ATP brain slices, the glycolysis brought low level not the action the inhibitor, 
but the use fructose substrate, this decrease much less, the range 15-40%, the ATP level pre- 

that approach based purely energetic considerations the problem the conditions necessary for meta- 

bolism inadequate, this applies with greater force when such substrates fructose are used; high level ATP 


resynthesis reached its consumption brain tissue, but the metabolism still represented low SAR 


TABLE 


Resynthesis ATP Inhibition Glycolysis Bromoacetate and Use Fructose 
Substrate. Slices incubated for minutes Gas phase, millimoles 


subsirate per sample. The ATP conteni expressed 10-minute per 100 
raw tissue weight 


ATP content non- ATP content glucose 
lucose inhibited level 
glucose glucose Iructose 


2.18 1.13 2.65 1.64 
1.69 0.88 3.87 3,06 
0.80 2.38 2.06 
2.98 2.03 
1.25 0.76 


DISCUSSION 


The role actively functioning glycolytic mechanism the brain tissue still not clear. the one 
hand, may have the function emergency mechanism, which begins act when the oxygen supply the 
tissue diminished and the supply energy from oxidative processes has been shown Gaevskaya 


the metabolism animal brain the course death may pass from oxidative glycolytic utilization 
carbohydrates. 


the other hand, well known that considerable amounts lactic acid can also formed under 
normal conditions brain tissues, may formed local anaerobiosis foci arise, since brain tissue does not 
have any special additional devices for intensification oxygen supply, such, for example, myoglobin 
muscle, Perhaps the most important fact, however, that glycolysis also very considerable vigorous 
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aeration, even oxygen atmosphere, when the respiratory level fairly high. This can hardly regarded 
vestigial feature. seems more likely that, apart from purely energetic role (in which, course, 
inferior oxidative metabolism), fulfills some other important physiological functions the Our 
experiments showed that glycolysis brain slices, although insufficient for phosphoprotein metabolism, 
nevertheless necessary, without protein metabolism much slower. still difficult the present time 
explain the true mechanism the participation glycolysis protein metabolism the brain, but one 
step this direction would study the carbohydrate substrates utilized the brain. 


Two main conclusions can drawn from the experiments with fructose: fructose rapidly oxidized 
brain slices but its glycolysis very weak, and presence fructose metabolism low level. 
seems likely that there causative connection between these two conclusions, and that metabolism 
presence fructose slow because its glycolytic conversion rate negligible. This last fact evidently 
important that large reserves energy-rich substances (ATP) formed oxidation fructose cannot maintain 
phosphoprotein phosphorus transformations high level. 


What, then, the reason why fructose does not undergo glycolysis? What are the differences between the 
anaerobic conversion glucose from that fructose? answer this, let represent the initial stages 
glycolysis the two sugars brain tissue follows: 


Glucose 


Fructose 
phosphate 
phosphate 
Oxidation Glycolysis 


From the stage the further conversions fructose pass through the same intermediate 
products the case glucose. Therefore, the differences between the glycolysis glucose and fructose 
should lie the stages which precede the formation fructose-6- phosphate. There are two such stages for 
glucose: formation transfer ATP phosphate group glucose, and isomerization 
phosphate The formation fructose-6- phosphate from fructose proceeds 
through one transesterification stage between the sugar and ATP, effected the enzyme hexokinase. 


Since isomerization not directly the route fructose conversions, may neglected. Thus, 
the case fructose the stage formation preceded only one reaction, that involv- 
ing hexokinase. the brain tissue this enzyme brings about phosphorylation both glucose and fructose, 
while muscle, for example, fructokinase and glucokinase are two different enzymes [12]. If, after formation 
phosphate the decomposition glucose and fructose follows common path, and the formation 
preceded only one common reaction, the hexokinase reaction, then the clue 
the different glycolysis rates must lie that reaction. fact, was shown Meyerhof [12] that the affinity 
brain hexokinase for fructose much less than its affinity for glucose, and attributed this the much 
higher rate glucose glycolysis comparison with fructose. 


Sols and Crane [13] determined the Michaelis constants for the hexokinase reaction with different sub- 
strates. For glucose, for fructose, Since the constant for the affinity between 
enzyme and inversely proportional the Michaelis constant, for hexo- 
kinase and fructose approximately times small for hexokinase and glucose. The rate the hexo- 


kinase reaction presence fructose must correspondingly lower than the presence glucose sub- 


Hence, the following chain relationships may suggested: the enzyme hexokinase, common fruc- 
tose and glucose brain tissue, has little affinity for fructose, phosphorylation fructose pro- 
ceeds slowly; retardation glycolysis this stage retards the process whole; the low rate glycolysis 
the reason for the slow phosphorus metabolism the protein fraction, despite the fact that the energy neces- 


sary bring this metabolism about, stored the energy-rich ATP bonds, supplied the result vigorous 
respiration, 


Another aspect the problem the question the relationship between oxidative and glycolytic meta- 
bolism fructose nerve tissue. anaerobic conversions fructose proceed extremely slowly, and aerobic 
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conversions are rapid, then the oxidation fructose nerve tissue avoids the reaction which constitutes the 
the anaerobic conversion sugar. Meyerhof [12] considers that this bottleneck may the 
hexokinase reaction. However, known that carbohydrate phosphorylation means the enzyme hexo- 
kinase the first stage hexose decomposition, common the oxidative and the antioxidative routes, 

this stage was present the oxidation fructose, then the oxidation could not proceed the same rate the 
oxidation glucose. Conversely, the rate fructose oxidation does not differ from the rate glucose 
tion, then fructose oxidation does not pass through the stage formation, but follows 


different other words, glycolysis and oxidation fructose brain tissue follow different paths right 
from the beginning. 


The oxidation fructose the brain cannot either the final stage glycolysis, apotomic decom- 
position, since either case the first stage the hexokinase reaction. 


The discussions based single experimental fact: low rate glycolysis and high rate oxidation 
fructose brain tissue, have been taken their logical conclusion. must admitted, however, that this 
discussion one factor has been used draw highly general conclusion the existence oxidative path 
fructose conversion brain tissue independently hexokinase. More direct evidence needed confirm 


this view. 
SUMMARY 


view its low energy efficiency (low ATP resynthesis) glycolysis brain tissue not capable 
effecting any appreciable incorporation into phosphoproteins. the same time, the conditions for the 
maximum incorporation into phosphoproteins only exist the glycolytic mechanism retained, addi- 


tion respiration. Fructose cannot bring about vigorous phosphoprotein metabolism brain 
slices extremely 
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